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Abstract
To determine if online learning enriches the clinical reasoning (CR) skills of 
advanced practice physical therapists (PTs). CR was measured in 26 PTs enrolled in a one 
year, course-based, masters program delivered using distributed learning including 
computer-based online courses (UWO). Outcomes were compared to IB PTs who 
sought the same credentials (FCAMPT) via a traditional face-to-face continuing 
education program. Bloom's Taxonomy Scale (BTS) was developed and used to evaluate 
CR in UWO students during two online discussion forums (ODF). The highest BTS score 
was in a medium learning level (application) and few students exhibited higher levels of 
learning (analysis & synthesis). A change in BTS scores was not detected between 1st 
and 2nd terms; however UWO students had a significant improvement in critical thinking 
dispositions (CCTDI) by the end of the program. There was no significant difference in 
CCTDI scores or case history exam marks between students receiving training via UWO 
or traditional methods. Preliminary results obtained from this small sample supports 
the conclusion that students in the online masters program exhibited medium levels of 
learning, improved critical thinking dispositions, and equally good clinical reasoning skills 
as a group of students trained using a traditional face-to-face format.
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Asynchronous communication: text based written communication using online 
technology that allows a student to interact with a program or fellow classmates at any 
time that is convenient for them. ie. They do not have to be online at the same time as 
in a "chat room"
Blackboard learning system: interactive text-based software system 
Bloom's Taxonomy: A system used to classify levels of learning. Bloom described 3 
domains of learning, Affective, Psychomotor and Cognitive. The original Bloom's 
Taxonomy divided the Cognitive Domain into six major categories: Knowledge, 
Comprehension, Application, Analysis, Synthesis and Evaluation.
Case History: A description of an actual clinical scenario, commonly involving a decision 
or problem. ~
Chat Room- text based real time discussion.
Clinical reasoning: "management strategies based on clinical data, client choices, and 
professional judgment and knowledge" (Higgs and Jones, 2000)
Discussion boards: an asynchronous communication forum for collaboration and 
sharing of ideas
Distributed learning: a model in which the instructor, students and content can all be 
located in different, non-centralised locations; learning can occur independent of place 
and time; the blending of traditional face-to-face classroom sessions with online 
technology. Also known as: blended, hybrid, mixed-mode or web-enhanced learning 
E-learning: educational format that includes computer mediated learning 
Face to Face format: traditional classroom style of teaching, whereby the teacher and 
class are physically in the same location
Hybrid learning: an educational program or course that combines distance education 
with traditional face-to-face classroom teaching
Mail: allows one-to-one communication between students and student and faculty, 
similar to e-mail. Limited to only faculty and students enrolled in the course; protected
List of terms
XII
from viruses and junk mail. Often used for social discussions or issues unrelated to the 
particular discussion topic.
Post: material put on the discussion site; poster: the individual submitting the material; 
post/posting: the verb describing the activity.
Problem based learning: emphasis on learning all content using an integrative 
approach; small group, self-directed study of a problem with the assistance of a faculty 
tutor (facilitator)
Scaffolding: temporary support to develop higher cognitive skills 
Synchronous: discussions in real time so responses are immediate. (Examples 
teleconferences, WIMBA live classroom). Sessions need to be scheduled in advance to 
meet participant's schedules, considering differences in geographical locations and time 
zones.
Threaded Discussion -  an asynchronous text based discussion forum where students 
can respond to original discussion point. Responses are organized by discussion topic 
and listed in chronological order. Used for brief commentaries, rapid responses on a 




BTS: Bloom's Taxonomy scale
CSD: Communication Sciences and Disorders
FCAMPT: Fellow of the Canadian Academy of Manipulative Physical Therapists 
IFOMPT: International Federation of Orthopaedic Manipulative Physical Therapists 
MClSc: Master of Clinical Science
MERLOT: Multi-media Educational Resource for Learning and Online Teaching
NOD-CPA: National Orthopaedic Division of the Canadian Physiotherapy Association
ODF: Online Discussion Forum
OSCE: Objective Structured Clinical Examination
OT: Occupational Therapy
PT: Physiotherapy; Physical Therapy
PTA: Physiotherapy Assistant
UWO: the University of Western Ontario
WCET: Western cooperative for Educational Telecommunications Rubrics 
WebCT: Web based Course Tools or Blackboard Learning System now owned by 
Blackboard, online proprietary virtual learning environment used in many campuses for 
e-learning. To their WebCT courses, instructors can add such tools as discussion boards, 
mail systems, and live chat, along with content including documents and web pages.
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Chapter 1: Introduction and Thesis Framework
1.1- Proposing a conceptual framework
"Clinical reasoning is multidimensional. It is hypothesis oriented, collaborative 
and reflective" and "a process in which the therapist..structures meaning, goals 
and health management strategies based on clinical data, client choices, and 
professional judgment and knowledge". (Higgs and Jones, 2000)
The proposed conceptual framework for this thesis is that clinical reasoning is a 
fundamental component of Physical Therapy practice. It is comprised of three key 
elements including higher level learning, critical thinking (CT), and clinical experience. 
Higher levels of learning have been described previously in Bloom's Taxonomy. CT is the 
characteristic that drives a clinician to question the status quo, and consider possibilities 
beyond their present level of thinking. Physical Therapy then becomes a continual 
process of updating, questioning the status quo, and applying higher levels of 
knowledge and skills to clinical practice.
According to the American Philosophical Association (1990) "CT is the process of
purposeful, self-regulatory judgement. This process gives reasoned consideration to
( . . .
evidence, context, conceptualizations, methods, and criteria." (Facione, 2010) Another 
definition states that CT is a "type of critical analysis; disciplined intellectual criticism 
that combines research, knowledge of historical context, and balanced judgment" 
("critical thinking" available at Encarta Dictionary, Microsoft Word, 2003, Accessed 
February 20,2011). Beyond its clinical application, the process of CT can be applied to 
the decision making process that is part of our daily life. CT and the dispositions that
2
contribute to it, has been the focus of research in many fields such as: Education 
(Perkins and Murphy, 2006), Nursing (Ali et al, 2005), Occupational Therapy (Lederer, 
2007) and Physiotherapy (Bartlett and Cox, 2002) to name a few.
Clinical experience provides the opportunity for the physiotherapist to apply and 
hone their skills in a clinical setting. In undergraduate training, these experiences are 
supervised by Clinical Instructors, who ensure that students receive adequate input and 
feedback regarding the appropriate choice and application of treatment approaches. 
Experience for a new graduate may or may not include the opportunity for mentorship 
from an expert clinician. To ensure that advanced skills are learned correctly in a hands- 
on profession such as physical therapy, it is essential that there is the opportunity for 
supervised practice (Watson and Radwan, 2001).
Edwards et al (2004) suggest that in physical therapy, clinical reasoning cannot 
be solely based on one conceptual framework, but involves interplay of two equally
important theories. The first is the hypothetico-deductive reasoning model. Based in
\
medical research, the hypothetico-deductive theory focuses on the generation of 
hypotheses based on clinical data and knowledge which is then confirmed or refuted 
through further clinical inquiry. The second conceptual framework is the interactive 
model, which is based on the interrelationship (or narrative) between clinician and 
client (Mitchell and Batorski, 2009). Within these two basic frameworks are strategies 
that clinicians use to address particular aspects of the clinical decision making process.
Higgs and Jones (2000) also maintain that clinical reasoning is an integral part of 
clinical practice in health care. They emphasize the interdependence between clinical
3
knowledge and clinical reasoning and the fact that higher cognitive function must also 
be in play for the process of clinical reasoning to be effective. They suggest that some 
features of clinical reasoning (such as clinical knowledge) are common to many health 
disciplines, while others, are dependent on the context and role that the discipline plays 
within the health care model.
The aforementioned researchers (Edwards et al; Higgs and Jones) have 
addressed the importance of both CT and clinical reasoning and how it is used by 
physiotherapists and other health practitioners. Some have stressed that prior 
experience is key in clinical reasoning, but few suggest methods to identify whether 
these skills can be successfully attained through advanced practice educational 
programs.
1.2. Postgraduate Specialization in Physical Therapy:
Many PTs elect to participate in continuing education after they graduate from
\
entry level PT programs to develop advanced practical and clinical reasoning skills 
involving more complex musculoskeletal conditions. The content of the continuing 
education courses offered by the National Orthopaedic Division of the Canadian 
Physiotherapy Association (NOD-CPA) follow an extensive syllabus that was developed 
to meet the standards set by the International Federation of Orthopaedic Manipulative 
Physical Therapy (IFOMPT). There are 5 "levels" in the NOD-CPA syllabus. (See Appendix 
B) Each level is taught as a 6-12 day course that is typically delivered on weekends using 
a face to face format (from September to May). Following each course there is a written
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and case history exam. On average it would take 2 to 3 years to complete the first 3 
levels of training using this traditional continuing education program offered by the 
NOD-CPA.
In order for PTs to be recognized as a fellow of the Canadian Academy of 
Manipulative Physiotherapists (FCAMPT) for achieving advanced practice skills in 
orthopaedic manipulative therapy, further courses and examinations must be 
completed. As well, following completion of level 3 courses, the PT must complete 90 
hours of supervised clinical practice before they are eligible to challenge the 
"Intermediate" examination set by the NOD-CPA. This is a practical examination 
covering the material taught in syllabus course levels 1-3. After passing the intermediate 
exam, the PT must complete 60 hours of mentored clinical practice under the 
supervision of an accredited FCAMPT. Two - 6 day syllabus courses (levels 4 and 5), and 
a minimum of one year additional clinical experience are then required before they
challenge the Advanced, NOD-CPA examination. This examination has three parts: a
\
case history, a multiple choice written exam and an Objective Structured Clinical 
Examination (OSCE) of advanced knowledge and practical skills. Provided they are 
successful, they are awarded a diploma in Advanced Manual and Manipulative Therapy. 
This diploma allows for membership into CAMPT and a designation of FCAMPT is 
provided to those who pay their yearly dues.
PTs following this "traditional" path to become an FCAMPT may do so 
independently, but frequently form small study groups with FCAMPT mentors to 
prepare for the exams. Other candidates may choose to enrol in an "Examination
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Preparation Course". This 10-12 day course is usually run 5-6 months prior to the 
advanced exam. Similar to the level courses, the format is "face-to-face" with a review 
of advanced syllabus content and techniques. Courses are taught by registered, FCAMPT 
instructors with the NOD-CPA.
The traditional weekend format of continuing education courses has been used 
successfully for over 30 years. As job opportunities often hinge on successful completion 
of these courses, many PTs feel pressure to complete them as soon as possible. 
Unfortunately, the cost of registration (approximately $8000 for course tuition alone), 
travel, accommodation and meals needed to complete courses in this traditional system 
is substantial. Education allowances from employers often fall short of actual expenses, 
adding to the high debt load for many new PT graduates. The minimum investment of 
time to complete the traditional route is approximately 4-5 years. PTs in private practice 
or those with young families may find these costs prohibitive.
Prior to 2007, PTs who wished to earn advanced practice credentials in a shorter 
time frame were travelling overseas to enrol in programs such as the one year, full time, 
Masters in Clinical Physiotherapy (Manipulative Therapy) offered at Curtin University in 
Sydney, Australia (Jull, 2008).
1.3. Masters of Clinical Science: A distributed education program
In response to the growing need for an alternate way for Canadian PTs to learn 
advanced practice skills (Sran & Murphy, 2009; Mathur et al, 2005), the School of
6
Physical Therapy at University of Western Ontario (UWO) opened a Masters in Clinical 
Sciences (MClSc) program in Manipulative Therapy in September 2007. The objective of 
this graduate program is:
"to develop leaders in their clinical practice by integrating advanced clinical skills 
together with an enhanced knowledge of research methodology, and 
professional issues." In addition,"... to prepare physiotherapists to be competent 
in the assessment and treatment o f musculoskeletal dysfunction to enable 
effective management o f the complexity of clinical presentations."
(Ref. MClSc program student handbook)
The MClSc at UWO is a 1-year course based graduate program, which begins 
with a new group of students each September. (Refer to Figure 1). Seven academic 
courses are delivered using a combination of traditional classroom formats and distance 
education (also known as a "hybrid format"). The courses include: three advanced 
clinical specialty courses and two academic courses in professional practice and clinical 
research methods. In addition, a clinical mentorship course ensures that the student 
fulfills the IFOMPT requirement for supervised practice, and the research experience 
course culminates with presentation of their project at a school wide research day 
scheduled in July .There are two three-week and one two-week blocks called "residency 
periods" where students are required to be on-site at UWO (see Fig.l). During these 
intensive residency periods, lectures and labs are attended to learn and practice 
advanced skills in manipulative therapy. The MClSc culminates at the end of July with a 
final practical examination, which has a similar format and is considered equivalent to 
the advanced NOD-CPA Manipulative Therapy Examination. On successful completion of
7
the program graduates receive both a Master's degree and are eligible to be members 
(fellows) of the Canadian Academy of Manipulative Physical Therapists (FCAMPT).
F ig .l Format of the UWO MClSc program
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Ref: MClSc course handbook
According to 2009 Canadian Institute of Health Information statistics 42% ofV
Canadian PTs practiced in orthopaedics and Sports Medicine and as of September 2010, 
approximately 400 Canadian PTs were Fellows of the Canadian Academy of
\
Manipulative Physical Therapists (FCAMPT). This advanced practice standard represents 
less than 3% of all PTs licensed to practice in Canada.
1.4. Online learning and Online Discussion Forums (ODF) in the MClSc
During the portions of the MClSc program when the class is not at UWO, 
communication within the group is continued using online technologies. The World 
Wide Web and Blackboard learning systems (WebCT) allow the students unlimited 
access to learning modules that include course outlines, schedules and links to
8
electronic files and folders containing course materials. Power point and pre-taped 
video presentations, lecture notes, assignments and electronic links to references and 
library resources are also available through the course site on WebCT.
On a more interactive level, course faculty and students correspond through 
text-based, online communications such as email, chat rooms and online asynchronous 
discussions forums. An online discussion forum (ODF) allows a student to interact with 
fellow classmates in a text-based format at any time that is convenient for them within 
the set number of days when the discussion forum is open. There are typically 8 to 10 
ODF scheduled per course for each of the three terms. Each ODF is led by a different 
instructor who presents clinical scenarios or problems, based on course material. 
Questions are then posed to stimulate discussion online as would occur in a traditional 
classroom or "face-to-face" tutorial setting. Once the student has viewed the online 
lecture and completed the prerequisite readings, they participate in the ODF through 
WebCT.
In the MClSc program at UWO, participation in the ODF is mandatory and 
specific guidelines and expectations for participation are included in the course outline 
(see Appendix H). These guidelines outline the timeframe when students are expected 
to participate. Students also are required to limit the length of their submission or 
"post" to 100-200 words. They are generally expected to submit at least one original 
and 2 to 3 follow-up posts per ODF. Each post shows the name of the author and the 
exact time that it was submitted. Most ODF are "threaded" which means that all posts 
are grouped together chronologically and by topic. This asynchronous text-based
format, allows a student time to consider their classmate's submissions and formulate 
their response. Students are encouraged to check resources and relevant research 
literature to build on a fellow student's previous idea, present an alternate opinion, or 
pose a new question to further expand the discussion. The instructor's role in the ODF is 
to initiate the discussion and to facilitate the forum by keeping students on topic and 
respectful of the ODF guidelines. They also provide a summary statement at the 
conclusion of the set time period.
1.5. Evaluation of online learning
There are a growing number of studies to date that suggest that courses and 
programs presented in an online format are equivalent to a traditional face-to-face 
format. Few have been clinical specialty programs specific to Physical Therapy. One 
study by Eifert-Mangine, 2006 compared learning and satisfaction of Physical Therapists
with a continuing education course presented using a traditional versus an online
\
format. This study compared 2 groups, comprised of Physiotherapists, Physiotherapy 
Assistants and Athletic Therapists enrolled in a continuing education course on 
"Evidence based management of the knee". Satisfaction measured using a 
questionnaire, and performance measured using a 16 item pre-test/post-test of 
knowledge was not different between the online and traditional groups. However, these 
results have to be interpreted with caution given the small numbers (n=13) who 
completed all course work and assessments.
9
10
Tallent-Runnels et al (2006) reviewed the research specific to the teaching of 
online courses in health care as well as other disciplines. Comparison of online to 
traditional classroom teaching was accomplished by comparing test-scores, course 
grades, cumulative GPAs and "authentic performance of learned content". Their 
conclusion was that there was "overwhelming evidence" that online learning can be as 
effective as that in traditional classrooms. This research included only theoretically- 
based courses that were presented entirely online, which does not allow direct 
comparison to hybrid programs or professional practice programs that include 
instruction in "hands-on" clinical skills.
1.6. Evaluation of Critical Thinking
1.6.1. Bloom's taxonomy as a starting point.
In 1956, Benjamin Bloom along with a group of measurement specialists and 
educators in the United States published: "Taxonomy of Educational Objectives: The 
Classification of Educational Goals Handbook 1: Cognitive Domain". Bloom's original intent 
was to develop a system to categorize college level examination questions according to 
educational objective. Bloom described 3 domains of learning: Affective, Psychomotor 
and Cognitive. The original Bloom's Taxonomy divided the Cognitive Domain into six 
levels of learning: Knowledge, Comprehension, Application, Analysis, Synthesis and 
Evaluation, which are arranged in a hierarchical order (see Figure 2) from simple to 
complex and from concrete to more abstract ( Krathwohl, 2002).
11
Figure 2: A visual representation of the hierarchical arrangement of Bloom's Taxonomy for the 
cognitive domain. Source: http://keep2.sifc.edu/facultv/jpriola/new blooms taxonomy. 
Accessed: 26 November 2010.
Bloom further divided each of the six categories of the cognitive domain into 3 to 6 sub­
categories which are descriptors that assist in the identification of the learning level 
exhibited by the student. To help instructors in the development of questions specific to 
learning levels, adapted versions of Bloom's taxonomy include lists of "word cues" or 
adjectives for each of the subcategories. Other versions of the taxonomy have even 
been developed from the student's perspective, to improve their comprehension and 
assist them in understanding the wording of exam questions.
Bloom's original taxonomy has been used widely in course development and 
traditional curriculum design for more than 50 years. It has undergone revisions and 
modifications (Christopher et al, 2004; Krathwohl, 2002).The "revised taxonomy" 
(Anderson & Krathwohl, 2001) includes some changes in the original terminology, but 
the basic structure and hierarchy were maintained. Interpretations of the taxonomy and 
its subcategories have been used in various disciplines to guide course design in early 
education and high school as well as advanced applications in higher education
12
(Christopher et al, 2004), business (Betts, 2008), and allied health (Lahaie, 2008). It has
been used by educators to measure the attainment of learning objectives (Anderson &
Krathwohl, 2001; Betts, 2008) and to outline learning expectations across a wide
spectrum of fields. Atherton (2010) describes how Bloom's taxonomy can be applied to a
continuum of educational programs:
"..in the Cognitive domain, training for technicians may cover knowledge, 
comprehension and application, but not concern itself with analysis and above, whereas 
fu ll professional training may be expected to include this and synthesis and evaluation as 
well." REF ATHERTON J S (2010) Learning and Teaching; Bloom's taxonomy [On-line] UK: 
Available: httD://www.learninaandteachina.info/learnina/bloomtax.htm 
Accessed: 26, November 2010
Of particular interest for this project, Christopher et al (2004) used a modified 
version of Bloom's Taxonomy to evaluate levels of learning in online education in a 
graduate program in the field of education. They divided the taxonomy into 3 levels: 
low: Knowledge and Comprehension; medium: Application and Analysis, and high: 
Synthesis and Evaluation. This framework was used to measure changes in the levels of 
learning that occurred over a single, one term course. There have been no published 
studies to date that have applied a similar framework to a postgraduate Physical 
Therapy program.
Bloom's Taxonomy was used as the methodological framework for this project, 
to develop an evaluative tool, "Bloom's Taxonomy Scale" (BTS), as it provided a 
hierarchal list of categories to evaluate the levels of learning demonstrated by students. 
The BTS is based on Bloom's assumption that lower levels of thinking such as knowledge 
of facts, are a prerequisite for the development of higher levels of learning such as
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analysis. These higher levels of learning and CT skills are expected from students in post 
secondary graduate and professional programs. (Anderson & Krathwohl, 2001; Betts, 
2008) .The progression through these levels of learning should occur with advanced 
practice training programs.
1.6.2/Evaluation of online discussions: Quantity versus quality
Quantitative measurement of student participation in online courses is available 
within program software such as WebCT. These software tools record the quantity of 
online participation by tracking details such as dates and times that students log-on to 
the course, as well as the frequency and total time spent online in specific areas of the 
course web site, such as viewing lectures, required readings or other course materials. 
Specific data regarding involvement in more interactive components of the course is 
also available such as number of submissions or "posts" in chat rooms and online 
discussion forums.
\
A study by DeNeui (2006) showed a positive correlation between participation 
on WebCT and test scores in an undergrad psychology course. In this study, printed 
copies of all online materials were provided to the students. Online involvement was 
optional and no marks were assigned for participation. It is difficult to draw conclusions 
about the impact of online engagement from these results.
Campbell et al (2008) showed a positive correlation between higher marks and 
greater frequency of access to online resources. They also found that higher final marks 
were achieved by students who made more frequent contributions to the online
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discussions. They did suggest however that increased access did not identify what the 
students did while online or how long they actually engaged in learning resources once 
they accessed the system.
Determining the quality of individual student's involvement in online education 
continues to be a challenge especially when the goal is to measure advanced levels of 
learning and critical thinking (CT). One tool developed by Ali et al (2005), measured CT in 
53 master's degree nursing students participating in ODF and participation in which was 
worth 20% of the student's final course mark. Students were provided with a scenario 
based on a clinical case and instructed to "Resolve the case scenario using the critical 
thinking approach". A 10-item tool was developed using key CT skills and 3 of Bloom's 6 
levels of learning: analysis, synthesis, and evaluation. Results of this study showed that 
the CT skills measured in one online discussion with their tool were "adequate" in the 
areas of analysis and synthesis but "below average" in the evaluation domain. This study
evaluated CT at one point in time. Generalization of these results is difficult due to the
\
small sample size (N=8).
Perkins and Murphy (2006) also developed a coding system to evaluate the 
quality of the individual student's engagement in CT with participation in online 
asynchronous discussions. This system had 4 processes including clarification, 
assessment, inference and strategies. Each process was further expanded and a rubric 
was used to help the assessor determine the number of times students demonstrated 
one of the four processes in each online submission. This coding system was applied to
transcripts of one online discussion for 8 students enrolled in a web-based, graduate 
course in education. Results showed that 42% of the group engaged more in 
clarification-related processes (the lowest CT level) and only 16% in strategy-related 
processes (the highest level). Similar to Ali's results (Ali et al, 2005), this implied that 
most graduate level students in this program were demonstrating lower CT processes 
while participating in ODF. The coding process was done once, so change in CT was not 
measured over the course of the program.
Burgess (2009), used both quantitative (number of posts) and the qualitative 
coding system developed by Perkins and Murphy, to measure CT and participation in 
ODF and chat rooms, in a college-based, developmental reading program. The number 
of posts and number of coded units in each of the 4 CT categories were determined for
the 18 students in the test group. Knowledge was measured before and after(
involvement in the chat and discussion board sessions using pre and post quizzes. 
Improvements detected in both CT and engagement in online activities was attributed 
to the use of the online tools.
Ivankova (2010) looked at instructor and student perspectives of a course in 
research methodology that was presented in an online asynchronous learning 
environment. Evaluation of the "educational gains" were based on assessment of the 
quality of student interactions in the discussion boards, course projects, course 
evaluations, informal student feedback and reports from the course instructor about the 
engagement of the individual students over the course of the program. A marking guide 
was developed to assess the quality of the online discussion. This was a 6 point scale
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where responses were rated (Inadequate: 0 points to Excellent: 5 points) based on 
organization, presentation of quality and useful information and provision of up to 3 
required citations to support the post. Ivankova remarked that the level of intellectual 
thought and discussion was lower than she expected (specific values were not 
published). Her conclusion was that instructors should play an active role in the ODF to 
encourage the use of higher level CT processes by the participants.
Christopher et al (2004) evaluated the quality of online participation of 10 
students working toward master's degrees specializing in education for gifted students. 
They used the revised version of Bloom's Taxonomy (Anderson and Krathwohl, 2001) to 
develop a rubric to evaluate participation in an asynchronous online discussion forum. 
Bloom's original 6 levels of thinking in the Cognitive Domain, were grouped into 3 and 
assigned a numeric value: Low: Remember and Understand (1 point); Medium: Apply an 
analyze (2 points) and High: Evaluate or Create (3 points). The results of this study 
showed that the majority of participants were able to analyse and apply the knowledge 
that they had acquired through the course, in their online responses. Results of the 
evaluation of the online discussions showed that only a few of the 10 students reached 
the highest level of thinking (evaluate and create). They suggested that not all students 
have "the prior knowledge or experiences with which to make these kinds of 
connections." Furthermore, like Ivankova, they also recommended that to develop 
higher levels of learning, more involvement and facilitation of online discussions by the 
professor may be required.
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1.7. Evaluation of Clinical Reasoning using Case Histories
In both undergraduate and postgraduate PT education, the terms CT and clinical
reasoning are often used interchangeably, and the process has been taught and
evaluated using case histories. A case history by definition is:
"a detailed and concise compilation of all physical, dental, social, and mental 
factors relative and necessary to diagnosis, prognosis, and treatment" 
fhttD://medical-dictionarv. thefreedictionarv. com/historv%2c+case Accessed: Nov 20. 
2010.)
Sweeney and Doody (2010) used a qualitative case study design to investigate clinical 
reasoning of musculoskeletal physiotherapists and Scott (2000) also supported the use 
of cases in developing clinical reasoning in health disciplines. This process of CT is a 
fundamental part of clinical reasoning in PT practice.
In the context of PT clinical practice, a case history includes a profile of the 
patient: age, occupation, social history, past and current pertinent medical history and 
related family medical history. Next, a chronological account of the patient's current 
complaint or "symptoms" is gathered. Precise details about the location of symptoms 
and how they began are recorded. A thorough physical examination is then completed 
to obtain evidence of neural, muscular or skeletal impairment. Once all "signs and 
symptoms" are gathered from the initial assessment, the PT must analyze the findings. 
The facts gathered from the clinical history and physical examination allows a list of 
possible conditions or "differential diagnosis" to be formulated. A wide range of possible 
conditions is narrowed down to the most likely clinical hypothesis.
In "a clinical reasoning assignment" using a case history, the PT student is 
required to first, analyze the information provided and then use relevant information to
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develop a hypothesis of the most likely diagnosis. Second, they must outline the 
evidence to support their clinical hypothesis. Lastly, they must choose a treatment 
intervention that will address the underlying aetiology, project an outcome, and 
develop a follow-up plan. Case histories are used to evaluate clinical reasoning skills as 
part of the Manual and Manipulative Therapy Examinations of the NOD-CPA. NOD-CPA 
curricula and exams must meet IFOMPT educational standards (IFOMPT, 2011) which 
, include clinical reasoning as well as knowledge, skills, analysis, application and 
evaluation related to the treatment of neuromusculoskeletal conditions.
1.8. The impact of technology on education
Technology has made an undeniable impact on our lives. With rapid expansion of 
technology in all aspects of our daily routine, it is no surprise that education at all levels 
has been impacted by this trend. According to Allen and Seaman (2010) in the fall of 
2009,5.6 million students were taking at least one online course in the USA, an increase 
of nearly one million students over the number reported the previous year. Online 
enrolment showed a 21% growth rate, far greater than the 2% growth of the overall 
student population in higher education and 30% of students in this group took at least 
one online course.
There is continued demand for continuing education courses in the allied health 
professions delivered by more practical means (Hollis and Madill, 2006; Watson and 
Radwan, 2001). In answer to this demand, and with rapid growth in online 
communication and technology, computer based programs are becoming increasingly
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popular (Kim and Bonk, 2006). Although the range of educational courses and programs 
available in an online format continues to expand, those available in the area of 
advanced practice in physiotherapy are few in number. One post-graduate program in 
health and rehabilitation science following this new online trend in education is the 
MClSc program in Manipulative Therapy offered by UWO.
Research indicates that distributed or online learning is as effective as the 
traditional face-to-face format (Garrison et al, 2000; Allen et al, 2004). Furthermore, it 
has been demonstrated that higher level learning skills and advanced clinical reasoning 
can be developed over the course on a hybrid distance education program (Ali et al, 
2005). It remains to be demonstrated however, if this format can be used to teach a 
higher level of critical thinking and clinical reasoning to Physiotherapists specializing in 
manipulative therapy.
Various tools have been developed to measure CT in post-graduate level
students. Some of these are specific to online educational programs that utilize
, \
interactive discussion forums. There is to date, no published tool that evaluates whether 
advanced clinical reasoning skills can be developed over the course of a hybrid, 
distributed education program in physiotherapy.
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1.9. Objectives
1. To describe and compare the demographics of two groups of advanced practice PTs, 
one of which is enrolled in the MClSc program at UWO.
Hypothesis 1: The traditional group is a more mature group with greater clinical 
experience.
2. To develop and employ a tool using a conceptual framework based on Bloom's 
Taxonomy to evaluate the levels of higher learning exhibited in text-based asynchronous 
discussions.
Hypothesis 2: Students will exhibit higher levels of learning (synthesis and evaluation) 
on the Bloom's Taxonomy Scale (BTS) at the end vs beginning of the MClSc program.
3. To use an established and validated tool (CCTDI) to evaluate critical thinking
disposition of students at the beginning and end of the MClSc program.
Hypothesis 3: CCTDI scores measured in MClSc students will demonstrate high 
dispositions toward CT and will improve overtime in the MClSc program.
4. To determine if a relationship exists between the quantity of a student's online
participation and the level of learning identified using the newly developed BTS.
Hypothesis 4: There will be higher levels of learning demonstrated in students who 
participate more in online activities.
5. To determine if a relationship exists between student's overall performance in the 
program (marks) and either the quantity of online participation or the quality of the 
participation measured using the BTS.
Hypothesis 5: Students who participate more often in online activities and have higher 
BTS scores will have better MClSc course marks.
6. To determine if a difference exists between both CT and the clinical reasoning skills of 
a group of advanced practice PTs that are learning using traditional face-to-face 
compared to a hybrid, distributed education format.
Hypothesis 6: Students in the hybrid, distributed education program will demonstrate 





2.1.1. The UWO Group:
A brief, 10 minute oral presentation with information about the purpose of the 
project and details regarding consent, was given to the students enrolled in thelVIClSc 
program at the University of Western Ontario in September 2008. This was repeated for 
the second group of students starting in the MClSc program in September 2009. 
Questions were answered, regarding time commitment, expectations, and issues 
regarding consent, following the presentation.
2.1.2 The Traditional Group:
A convenience sample was recruited from a group of graduate physiotherapists 
who were participating in an examination preparation course. This optional prep course 
was developed to assist individuals who were registered to challenge the NOD-CPA 
advanced examination in manual and manipulative therapy in November 2009.The 
course was open to PTs across Ontario and offered in Guelph, Ontario. Individuals were 
recruited from this group as they represented PTs who have reached an advanced level 
of training through a traditional, independent means. Following a 10 minute 
presentation about the study with the opportunity to ask questions, 13 of the 24 
students enrolled in the prep course agreed to participate in the project.
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For each group, a letter of information describing the study was distributed and 
those who volunteered to participate in the project signed a written consent form. The 
study procedures, letter of information and consent form were all reviewed and 
approved by the University of Western Ontario Research Ethics Board for Non-medical 
Research Involving Human Subjects (see Appendix B).
2.2. Tools used:
2.2.1. Intake questionnaire:
Students who volunteered to participate in the study were asked to complete 
short questionnaire (see Appendix C) .This provided information about personal 
characteristics, educational history and clinical experience.
2.2.2 Bloom's Taxonomy Scale
Bloom's Taxonomy Scale was designed specifically to evaluate critical thinking in 
this study population. The scale, composed of items adapted verbatim from a modified 
version of Bloom's taxonomy for the cognitive domain (Krathwohl, 2002). The adapted 
version of Bloom's taxonomy, describes the original 6 categories using 3 to 6 
subcategories. To develop Bloom's Taxonomy Scale (BTS), each subcategory was 
assigned a numerical code with a higher number indicating a greater level of 
achievement (See Table 1). A score of K4 in the knowledge subcategory was not 
awarded for this project as it implies mastery of all aspects of the topic. The maximum 
possible BTS score is 26.
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Table 1: Bloom's Taxonomy Scale (BTS): A coding system developed from a modified 
version of Bloom's Taxonomy, used to measure level of learning in students 
participating in online discussions.__________________________________________
Knowledge:
K l: observation and recall of information 
K2: knowledge of dates, events, places 
K3: knowledge of major ideas 
**K4: mastery of subject matter 
Comprehension:
C l: understands information 
C2: grasps meaning
C3: translates knowledge into new context 
C4: interprets facts, compares, contrasts 
C5: orders, groups, infers causes 
C6: predict consequences 
Application:
A l: use information
A2: uses methods, concepts, theories in new situations 
A3: solves problems using required skills or knowledge 
Analysis:
Anl: sees patterns 
An2: organizes parts 
An3: recognizes hidden meanings 
An4: identifies components 
Synthesis:
S I: uses old ideas to create new ones
S2: generalizes from given facts
S3: relates knowledge from several areas
S4: predicts, draw conclusions \
Evaluation:
E l: compares and discriminates between ideas 
E2: assesses value of theories, presentations 
E3: makes choices based on reasoned argument 
E4: verifies value of evidence 
E5: recognizes subjectivity
Total score /26
**A score of 4 for the Knowledge category was not awarded in this study as it indicates the
student has "Mastery" of the topic. __________________________________________
Adapted from University of Victoria, counseling services web site. Available at: 
http://www.coun.uvic.ca/learning/exams/blooms-taxonomv.html: accessed February 11, 
2009.
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2.2.3 The California Critical Thinking Dispositions Index (CCTDI)
The CCTDI was selected for this study as it had been validated previously by 
Bartlett and Cox (2002) in their study of second year physiotherapy students in a BScPT 
program. The CCTDI is a discipline- neutral, Likert-style tool, developed by Facione et ai 
in 1999 that measures the dispositions and attitudes important for critical thinking. The 
75 item inventory requires 15-20 minutes to complete and provides 7 subscales and a 
total score for each individual. A description of the seven dispositions measured by the 
CCTDI for each subscale is shown in Table 2.
Table 2: California Critical Thinking Disposition Inventory (CCTDI) Category
Descriptions
Truth-seeking: measures intellectual honesty, the courageous desire for best 
knowledge in any situation, the inclination to ask challenging questions and to 
follow the reasons and evidence wherever they lead
Open-mindedness: measures tolerance for new ideas and divergent views
Analyticity: measures alertness to potential difficulties and being alert to the need to 
intervene by the use of reason and evidence to solve problems
Systematicity: measures the inclination to be organized, including to be focused, 
diligent, and persevering
Critical Thinking Self-Confidence: measures trust in one's own reasoning and ability 
to guide others to make rational decisions
Inquisitiveness: measures intellectual curiosity and the intention to learn things even 
if their immediate application is not apparent
Maturity o f Judgment: measures judiciousness which inclines one to see the
complexity in problems and to desire prudent decision-making, even in uncertain 
conditions
CCTDI Total Score: measures one's overall disposition toward critical thinking
Adapted from CCTDI Test Manual, 2010.Facione PA, Facione NC. The CCTDI Test Manual.
Millbrae, CA: © Insight Assessment/ California Academic Press, 2010.
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Ail students (n=26) completed the CCTDI as part of the MClSc program evaluation, at 
two time points during the program, at the start in September (Pre) and at the end in 
July (Post). Both pre and post CCTDI scores were obtained for those students who 
consented to participate in the study.
A license to access the electronic version of CCTDI was purchased as part of this 
study. This provided online access to the CCTDI tool for participants in the Traditional 
group. To complete the CCTDI online, participants were sent access and password 
instructions. Unfortunately, despite repeated attempts, some participants experienced 
difficulties accessing the CCTDI online. The seven sub-scores and total scores for the 
Traditional group were retrieved directly from the online "Insight Management" data 
base. Testing of the traditional group was done once, prior to the NOD-CPA exam.
The authors of the CCTDI suggest that both the total and sub-scores of the CCTDI 
should be analyzed. This was supported by Bartlett & Cox (2002) who suggest that sub­
scores may identify significant differences that are not picked up when only the total 
scores are considered. According to Facione, overall scores below 270 are extremely 
rare in a graduate population. Subscale scores between 40 and 50 are considered a 
positive score, as they demonstrate that the individual consistently demonstrates the 
disposition or attribute being measured. Subscale scores between 50 and 60 are high 
scores that indicate a positive attitude that would likely factor into the individual's 
approach to higher order thinking and problem solving.
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2.2.4. Quantity of Student Activity Assessed using Online Tools
To better understand the amount and type of online activity, data was retrieved 
for each student using an online tracking system that is available via WebCT. This 
tracking data was available for two clinical specialization courses in which the same 
students were enrolled. One course was completed in the first term (1st term) and the 
other in the second (2nd term) of the one year, 3 term, MClSc program. The data 
available for this analysis included overall usage statistics, such as the total amount of 
time spent online and the number of times or sessions the student "logged on" to the 
course website. Individual online statistics also included the number "clicks" or "hits" 
each student made on each component of the course. These components are 
categorized below (Table 3) into various types of online communication and resource 
access. Specific data relating to the ODF included the number of messages read and the 
number of posts sent during the term.
Table 3: Description of WebCT tracking data categories used for the analysis of 
online activity in the UWO group during the 1st and 2nd terms
Overall online activity
Total time online = the average total amount of time ( Hrs: Min: Sec) each student 
spent on the WebCT site
Number of sessions = the number of occasions the student accessed the WebCT 
system
Communication:
Online Discussion Forums 
(ODF)
Messages read = the number of times a student 
"clicked" to read a message in the ODF
Messages posted = the number of times a student 
submitted a response to the ODF
Mail Mail read = the number of messages read in the 
online mail room
Mail sent = the number of messages posted in the 
online mail room
Chat room entered = the number of occasions the student entered the chat room
Total Communication = ODF messages read + ODF messages posted + mail read + 
mail sent + chat room entered
Access to online resources Folders = the number of times a student 
"clicked" on a resource folder on the course 
site
' . Files = the number of times a student "clicked" 
on a resource file on the course site
Media library = the number of times a student 
"clicked" on a library item
Media collections = the number of times a student 
"clicked" on a library resource collection
Total access to online resources = folders+ files + media library + media 
collections
Total WebCT activity = Total communication + Total access to online resources
Values were obtained from the WebCT on line tracking system for each student per 
course offered in the 1st and 2nd term of the 3 term MClSc program.
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2.2.5. Overall student performance:
The final course marks were collected for each student who consented to 
participate in this study. These marks represent a sum of all evaluations and 
assignments in the course including a mark for participation in the ODF (= 5%). Final 
student marks were obtained for two clinical specialty courses one of which was offered 
in the 1st term and the second course in the 2nd term of the 3 term program.
2.2.6. Measurement of clinical reasoning skill using a modified case history evaluation 
tool:
A modified case history was used to evaluate clinical reasoning for this project as 
this type of written evaluation is commonly used in both entry-level and advanced PT 
training. A traditional case history evaluation for PT at this advanced level of training, 
usually requires the student to interpret the subjective history and symptoms provided 
and then develop the rest of the clinical case themselves. The case history portion of the 
NOD-CPA Intermediate Examination takes on average 2-3 hours to complete. To shorten 
the time requirement for this study and to focus on the clinical reasoning components 
of the tool, the original case history format was modified to include the usual 
"subjective" history components: a patient profile, details about symptoms and their 
progression since onset, pertinent past medical history, factors that aggravate or ease 
the symptoms etc. Clinical findings pertaining to the case were provided and questions 
were posed, with an emphasis on evaluation of higher levels of critical thinking. Less 
focus was put on knowledge of facts and more was put on the application and 
evaluation of their treatment approach (see Appendix D). Support for the modification
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of case histories to suit specific teaching objectives, was shown in the literature (Higgs & 
Jones, 2000).
Participants in both the UWO and traditional groups received an electronic copy 
of the modified case history within 1 week following completion of the final exams in 
the MClSc program, or after taking the NOD-GPA advanced examination. Answers were 
submitted using a secure, password protected, WebCT assessment site. Since the 
Traditional group did not use any online learning system to prepare for their 
examination, completion of the modified case history required special WebCT access 
through "Outreach Western". Outreach Western is a University of Western Ontario 
online site that allows researchers and students to link with colleagues outside the UWO 
community. Four of the participants in the Traditional group experienced difficulties 
accessing the WebCT site. These 4 students completed the modified case history using 
an answer booklet that had been mailed to them with postage paid return envelopes. A 
similar number of students in the UWO group were asked to volunteer to complete the 
modified case history using the same answer booklet. All participants were provided 
with instructions and a password to access WebCT and asked to complete the case 
within one month.
The cases submitted electronically through WebCT and those submitted by mail 
were de-identified and two copies were printed. A standardized marking rubric was 
developed with the assistance of one of the past chief examiners of the NOD-CPA who 
has over 40 years clinical and over 30 years of teaching experience.
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Two assessors (AEK and DMW), blinded to whether the student was from the 
UWO or the Traditional group marked all cases using a standardized rubric. Prior to 
marking the modified case history, agreement was reached between the assessors on 
the content of the rubric to improve consistency in marking (see Appendix E). These two 
assessors were also accredited instructors of the NOD-CPA system, had previously 
passed all NOD-CPA exams and were active members of CAMPT.
2.3. Analysis
The following analytic procedures were used to address each of the specific 
objectives of this study.
2.3.1. Objective 1: To describe and compare the demographics of two groups of 
advanced practice physical therapists, one of which is enrolled in the MClSc program 
at UWO.
The characteristics of participants in both the traditional and UWO groups were 
collected using an intake questionnaire (see Appendix D). Data gathered using this form 
was analyzed and means ± SD or frequency distributions were determined for each 
group. Means for continuous level data were compared using a Student's two-tailed t- 
test. For all comparisons, a p value of less than 0.05 was considered a statistically 
significant difference.
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2.3.2. Objective 2: To develop and employ a tool using a conceptual framework based 
on Bloom's Taxonomy to evaluate the levels of higher learning exhibited in text-based 
asynchronous discussions.
Using the Blooms Taxonomy Scale (BTS), a semi-quantitative analysis of two 
online discussion forums (ODF) was performed by a blinded assessor (AEK) at two 
different time points. The first time point was in October, at the beginning of the MClSc 
program (early ODF).The second time point occurred in March near the end of the 
program (late ODF). Full transcripts of two, threaded ODF that included text written by 
most of the students in the group were organized in chronological order, downloaded 
and printed. Each individual student entry or "post" was numbered sequentially. To 
reduce bias related to the identity of the author, or other students that may have been 
referred to within the individual post, a research assistant de-identified each post by 
replacing names with a randomly assigned student identification number.
Each post written by a student was reviewed by the assessor and using the BTS a 
level from 1 to 6 was assigned for any of the 6 categories that were evident in the post. 
In cases where the post was short, a score was assigned only for those categories 
present. The following are examples of posts that demonstrate lower and higher levels 
of learning evaluated using the BTS as well as an example of a partial score.
Example A: Lower level of learning
Subject: Re: So far,so good Topic: Overuse syndromes Author: #5:
"Like you mentioned, it takes experience. I was taught how to perform the test 
and take the measurement, but don't use it very often. The two PTs in our clinic 
who prescribe orthotics use it though. The OKC ones I use as well as observation 
in standing after aligning the talus in neutral. Not sure if this is reliable..."
Student #5 demonstrated a knowledge and comprehension of the material and was able 
to apply it to the scenario that was presented for discussion. Analysis was at a basic 
level. They were questioning the reliability of "the test" but they did not follow through 
or suggest any reliable evidence to support their opinion. The score assigned for this 
post using the BTS was: K2 C2 A1 A n l S I  E l  (see BTS scale, Table 1, page 25)
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Example B: Lower level of learning demonstrating a partial BTS score:
Subject: Re: Ice. Ice baby. Topic: Overuse Syndromes Author: #13
"The protocol I was given in one of my internship was 10 minutes: 30 seconds 
cold water/ice, 60 seconds warm water. Always start and end with cold. I don't 
have any evidence on this though."
Student # 13 demonstrated only a basic knowledge of the material and its clinical 
application. They did not provide enough in the post to allow evaluation of all BTS 
categories. The score assigned for this post was K1 A l.
Example C: Lower level of learning BTS score
Subject: Re: overuse or under-recovery? Topic: Overuse Syndromes Author: #7
"Interesting # 4 .1 remember when working in Toronto we had a naturopath 
come in during an in-service to present to all of the PTs exactly what they do and 
what they can offer to the same patients that we treat. I definitely was 
impressed by the knowledge she had and the options available to try to help 
increase general health and healing capacity. It seems to make alot of sense to 
me to combine their strengths in an area where we are not the experts."
This student demonstrated a lower level of knowledge of the material under discussion. 
There was some comprehension but the analysis and application were basic. Synthesis 
was shown in the generalization that improved "health and healing capacity" could be 
achieved by recruiting other allied health practitioners, but there was no evidence
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stated to support this recommendation. The score assigned for this post was: K1C2 A1 
A n l S2 El.
Example D: Higher level of learning
Subject Re: against the tide. Topic: Pain Author : #2
"Hi # 3 ,1 think that if you think about double crush syndrome as an entrapment 
of an entire nerve based compromise at another location, Johnson is right. It 
does seem highly unlikely, especially for the frequency which it is diagnosed. 
However Upton & McComas, who were the first to describe this phenomenon in 
1973 believed, "neural function was impaired because single axons, having been 
compressed in one region, become especially susceptible to damage at another 
site". I think that a lot of the controversy in the research stems from the fact that 
people are looking for physical defects and deficits in the nerve distal to the 
entrapment, which are likely to be far more rare. If you look at research that 
uses nerve conduction, there is more research is favour of DCS in its original 
definition, versus studies trying to correlate nerve root and distal nerve 
entrapments."
Student #2 demonstrated a good understanding of the major concepts and was able to 
interpret, compare and contrast known features of the pathology .They recognized the 
hidden meanings and features of the condition and suggested solutions by evaluating 
evidence presented in the literature. The score assigned for this post was: K3 C4 A3 An3 
S3 E4.
Example E: Higher level of learning
Subject: Double Crush Syndrome Topic: Pain Author: ft 6
"....I would like to add to this discussion a very important aspect in my opinion 
that was perhaps forgotten as of now: strengthening of the glut. med. And T.A. I 
would agree with all of you on treating the back first, as it is the primary cause of 
the dysfunction. Taping of the arch would be temporary and to reduce the 
symptoms and stress on the tibial nerve as this is the major reason for 
consultation. As we increase the neuromobility with the sliders technique and 
hope on increasing the axoplasmic flow to reduce strain and AIGS in the
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peripheral tibial nerve, we must not forget to stabilize the trunk with T.A. 
strengthening to further reduce the chances of nerve compression in the L/s. If 
we do all these nerve mobilisations and forget that a weak core could be 
recompressing the nerve, then we will be working for nothing!..."
Student # 6 showed an excellent understanding of the material and was able to organize 
the concepts in sequence. They applied the concepts to solve the clinical problem by 
identifying the components and predicting outcomes. They made choices based on 
reasoned arguments however, did not suggest evaluative evidence from the literature. 
The score assigned to this post was: K3 C5 A3 An4 S4 E3.
To demonstrate how the BTS data was analyzed, an excerpt of the quantitative 
data generated using the BTS is shown in Table 4 for the categories of Knowledge and 
Comprehension. It illustrates results from 5 repeated assessments of 6 posts written by 
the same student during a one week ODF.
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Table 4: An excerpt of the results obtained using the Bloom's Taxonomy Scale 
(BTS) for the categories of Knowledge and Comprehension.
BTS Category Knowledge Comprehension
BTS subcategory KO K1 K2 K3 CO C l C2 C3 C4 C5 C6




attained for each 
post after coding 
5 times
Post # 1 ; \
3 2 2 3
Post # 2 2 3 1 4
Post # 3 i 4 5
Post # 4 3 2 3 2
Post # 5 4 1 5
Post # 6 3 2 2 3
Sum of the level that was 
most often demonstrated 1 3 1 1 1 1 2 2
BTS sub-score K = 1 C = 2.5*
Values indicate the number of times that a single student was scored for each level across 6 
posts that the student provided for that discussion.
Shaded cells indicate the level that was demonstrated most often after coding 5 times 
BTS sub-scores= the level of learning reached for that category over the course of the whole 
discussion
* an average was calculated for BTS sub-score when two levels were assigned with equal 
frequency
Each individual post for the early (1st term) and late (2nd term) online discussion was 
coded on 5 separate occasions. The BTS score for each post was the level the student 
achieved most often after coding 5 times. As students received different levels 
depending on the quality of the post, a "BTS sub-score" was determined to indicate the 
level of learning that was demonstrated most often for each of the 6 categories 
(Knowledge: K; Comprehension: C; Application: A; Analysis: An; Synthesis: S; and
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Evaluation: E.) If two levels were demonstrated an equal number of times, an average of 
the two levels was assigned. In this way a BTS sub-score could be calculated for each 
student regardless of the number of posts they submitted for each discussion.
2.3.2.I. To evaluate whether a change in BTS score occurred over time in the MClSc 
program
"Total BTS scores" for each discussion were determined by totaling the BTS sub-scores 
for all 6 categories. The minimum Total BTS score was 0 (if the student did not post at all 
for the whole discussion) and the maximum possible Total BTS score was 26. Means and 
standard deviations for the sub-scores and total BTS scores were calculated for the ODF 
in the l stterm and repeated for another ODF that occurred in the 2nd term. Student's 
two-tailed t-test and p values were calculated in order to determine if a significant 
difference existed in the sub-score and Total BTS scores between the two terms. Sub­
scores for the two terms were also compared to show the frequency of improvement in 
each of the 6 categories.
2.3.3. Objective 3: To use an established and validated tool (CCTDI) to evaluate critical 
thinking disposition of students at the beginning and end of the MClSc program.
To determine whether the BTS was of value in measuring critical thinking, a component 
of clinical reasoning, it was compared to the previously validated CCTDI. Means and 
standard deviations were calculated for the 7 sub-scores and total CCTDI scores from 
the beginning and end of the program for the UWO group. Student's two-tailed t-test 
and p values were calculated to determine if a significant difference existed in the sub­
scores and total CCTDI scores between the two time points assessed in the program. A 
comparison was also made to show the proportion of students with CCTDI sub-scores of 
50 or more when evaluated at the beginning (Pre) and end (Post) of the program. This 
allowed us to examine if there was an increase in the number of high sub-scores over 
the course of the one year program.
2.3.4. Objective 4: To determine if a relationship exists between the quantity of a 
student's online participation and the level of learning identified using the newly 
developed BTS.
2.3.4.I. Quantity of student online activity:
To determine if a relationship existed between the quantity of student online 
activity and the quality of their engagement in the online discussion forums, WebCT 
tracking data was analyzed. Group means and standard deviations for overall time and 
number of sessions spent online were calculated. Group means and standard deviations 
were also calculated for the number of occasions the student accessed the online 
discussion forums (ODF), Total communication and Total online resource usage 
components as well as Total WebCT activity for the 1st and 2nd terms as a function of 
overall online activity (see Table 4). The proportion of activity in the online discussion 
forums to total usage was also calculated. Means and standard deviations were 
calculated for all measures of online activity. Statistical comparisons were made using a 
Student two-tailed t-test to see if differences existed between the two terms. A p value 
of less than 0.05 was considered significant.
2.3 4.2. Comparison between online activity and levels of learning:
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A Pearson's R correlation coefficient was used to evaluate the relationship 
between the number of messages posted and the BTS scores attained for the ODF. This 
analysis was repeated for both the 1st and 2nd terms. P values were calculated and 
considered significant if they were less than 0.05.
2.3.5. Objective 5: To determine if a relationship exists between student's overall 
performance in the program (marks) and either the quantity of online participation or 
the quality of the participation measured using the new BTS tool.
2.3.5.I. Relationship between BTS scores and course marks:
The association between BTS scores and course marks was evaluated using 
Pearson's R correlation coefficient. P values were calculated. The BTS scores used in this 
analysis were those obtained from analyzing the one preselected ODF that occurred 
during the 1st term of the program. The course marks used were the term marks 
assigned by the MClSc instructor for the 1st term. This analysis was repeated using the 
BTS score from a second ODF and course the marks assigned during the 2nd term of the 
program.
2.3.5.2. Relationship between the amount of online activity and course marks
The relationship between online usage and performance on the course, was 
determined by calculating the means and standard deviations for the total time online, 
overall number of sessions per term, and marks for both the 1st and 2nd terms. Mean 
number of online sessions between the two terms were compared using a paired t-test 
P values were calculated. The association between the number of online sessions and
40
the marks attained for each term was evaluated using Pearson's R correlation and 
significant correlations were evaluated using p values (< 0.05). Mean amount of time 
spent online between the two terms were compared using a paired t-test, and the 
relationship between the amount of time spent online and marks was evaluated using 
Pearson's R correlation for both the 1st and 2nd terms. P values were calculated.
2.3.6. Objective 6. To determine if a difference exists between both CT and the clinical 
reasoning skills of a group of advanced practice PTs that are learning using traditional 
face-to-face compared to a hybrid, distributed education format.
2.3.6.I. CCTDI
Comparison between the two groups was accomplished by calculating the means 
and standard deviations for the 7 sub-scores and total CCTDI scores from the end of the 
program for the UWO group, and for the single set of scores for the traditional group. 
Two-tailed t-test and p values were calculated to determine if a significant difference 
existed in the CCTDI scores between the two groups of students.
23.6.2. Case history
Clinical reasoning between the UWO and traditional groups was measured with 
the modified case history. This assessment was performed using the mean of marks 
assigned by two assessors (DMW and AEK). In addition, marks between the two groups 
were compared using a two-tailed t-test and p values were calculated. Average score
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for students were categorized into groups according to their marks (A+: 90-100%; A: 80- 
89%; B: 70-79 and C: 60-69).
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CHAPTER 3: Results
3.1. Description of Study Sample
3.1.1. Study Sample:
Between September 2008 to September 2009,26 participants were recruited 
from the MClSc program at UWO. Eleven of the 13 students in September 2008 and all 
15 students enrolled in the MClSc program in September 2009 consented in writing, to 
participate in the study. The two groups together are referred to as the UWO group. Of 
24 students who were taking a preparatory course delivered via traditional face to face 
methods, 13 were recruited for the traditional group. —
3.1.2. Description of Data:
A significant difference existed between the two groups for age (UWO: 30.5 ± 5.0 
years; traditional: 34.2 ± 2.8 years; p=0.02) and gender (UWO: 46.2% female; traditional: 
84.6% female; p = 0.02). Students in the traditional group had significantly more years of 
clinical experience (9.3 ± 3.9) since graduating compared to the younger, less 
experienced UWO group (UWO: 4.8 ± 3.9 years; p= 0.01). The majority of students in the 
UWO group received a baccalaureate degree from an Ontario University. Ontario 
graduates also predominated in the traditional group where there were an equal 
number of people with BSc and MSc degrees. Table 5 presents the key characteristics of 
both groups.
Table 5: Characteristics of the study participants in the UWO (N=26) and Traditional (N=13) groups gathered from the 
intake questionnaire _____ _________> : ______ _________  ■ . ___________
Group - UWO* Traditional* p value
Total number of students 26 13
Age (years) 30.5 ± 5.0 years 34.2 ± 2.8 years p= 0.02+
Gender male 14 2
female 12 11
Years since graduation ( mean ± SD) 4.8 ±3.9 years 9.3 ± 3.9 years p<0.01+
Work status Full time 24 12
Part time 2 1
Type of practice Private clinic 26 13
Hospital 0 1
Percentage of work day spent in 
administrative or direct patient care (mean ± 
SD %)
patient care 95 ± 7 % 89 ± 19 % p = 0.16
Admin
12 ± 6 % 11 ±2% p = 0.57
Type of Physiotherapy degree obtained BScPT 15 6
MPT/MScPT 11 7
Province where degree was attained Alberta 1 0
British Columbia 0 1
Manitoba 3 0
Nova Scotia 0 1
Ontario 17 10
Quebec 4 0
Outside Canada 1 1
Hours of computer usage per week ( mean ± SD ) 17.5 ± 8.6 10.5 ± 6.4 p<0.01+
* All students enrolled In the UWO program were required to have a minimum1 of 2 years clinical experience and had completed a 
minimum Level 2 in the national course system (NOD-CPA) prior to enrolment.
+ Differences are significant at the p<0.05 level.
3.2. Evaluation of the quality of student on-line participation using the 
Bloom's Taxonomy Scale (BTS).
Table 6 presents the results of the Bloom's Taxonomy Score in the UWO group, 
captured at a point early (1st term) and again late (2nd term) in the program. There was 
no significant difference in any of the BTS sub-scores between the early and late online 
discussion (ODF) analyses. Descriptively, at the beginning of the program the lowest 
mean score was found for the Evaluation sub-score (2.4 / 5; 48% mean) and the highest 
mean score was found for the Application sub-score (2.4 / 3; 80%). Later in the program, 
the lowest mean score was found for the Evaluation subscale (2.4 / 5; 48%) and the 
highest score was found for the Application subscale (2.4 / 3; 80%). The difference 
between early and late scores was not significant for any subscale (p>0.1). In the early 
discussion, 14 participants achieved the maximum score on the Application subscale, 
and 12 achieved that mark in the late discussion. No other subscale had more than 4 
participants achieve the maximum score available
There was no significant difference in the Total BTS score between the 1st term 
(16.4 ± 6.0) and 2nd term (15.7 ± 3.1; t value= 0.53; p=0.6).There was a significant 
difference in the number of posts made between the two terms: (1st term: 3.4 + 2.0; 2nd 
term: 9.2 ± 5.2, t value=5.31; p=0.0001).
Table 6: Evaluation of the content of student posts during online discussion forums (ODF) during the 1st and 2nd terms of the MClSc 
program using Bloom's Taxonomy Scale (BTS) (N=26)

















# with max. 
score
Low
Knowledge 4 2.4+ 0.9 60 0 2.4 + 0.5 60 0
Comprehension 6 3.4+ 1.3 57 0 3.1+ 0.8 52 o
Medium
Application 3 2.4+ 0.9 80 14 2.4+ 0.7 80 12
Analysis 4 2.8 ±1.0 70 4 2.6 ±0.6 65 0
High Synthesis 4 2.9 + 1.1 73 4 2.6 + 0.5 65 0
Evaluation 5 2.4+ 1.1 48 0 2.4+ 0.9 48 0
Total BTS score(mean ± SD) 26 16.4 + 6.0 15.7 ±3.1
Average number of posts per student 3.4+ 2.0 9.2 ±5.2
N= number of students participating in the ODF. Scores for the 1st term ODF include 2 students who did not participate and therefore 
received a score of zero in each category.
Max. score = maximum score available for each category and the total BTS
Sub-score = the level of learning reached most often in each category for the whole discussion
Percent max. score= sub-scores expressed as a percentage of the maximum score available
# with max. score= Number of students who attained the maximum score available in that category
- ti­en
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Figure 3 shows the number of participants who improved, worsened or remained 
unchanged between the two time points in the program. More students had a lower 
(worse) BTS score in each of the categories later in the program compared to earlier on. 
Relatively few students showed improvement on BTS scores later in the program. 
Overall the total BTS score was lower in 17 of the 26 students participating in the ODF 
during the 2nd term compared to their scores attained early in the program. The 
category where the greatest number of students showed improvement was the 
Evaluation category.
Figure 3: Comparison of BTS scores by category assigned to students (n=26) for participation in online 






3.3. Evaluation of critical thinking of students involved in the MClSc 
program using the CCTDI:
CCTDI sub-scores were above 40 at both time points for all categories (see Table 
7). Average CCTDI for Inquisitiveness were above 50 at both the beginning (Pre) and end 
(Post) of the program. The lowest scores in both groups were in the disposition of Truth- 
Seeking. All 8 of the CCTDI categories had average scores that were higher at the later 
time point in the program. These differences were statistically significant for only the 
Open-mindedness sub-score (Pre: 44.8 ± 3.3; Post: 47.3 ± 4.5; p=0.03). There was a 
significant increase in the total CCTDI scores in students after completing the program 
(Pre: 313.4 ± 21.8; Post: 330.7 ± 25.2; p=0.01).
■»
; H
Table 7: CCTDI total and sub-scores at the beginning (Pre) and end (Post) 
of the MClSc program: (N=26)
CCTDI category Pre(meant SD)
Post
(meant SD) T value (p)
Truth-Seeking 40.1 + 4.9 42.8 + 5.3 1.9 (0.06)
Open-Mindedness 44.8 + 3.3 47.3 ± 4.5 2.28 (0.03)*
Analyticity 45.5 + 4.3 47.3 + 6.0 1.24 (0.22)
Systematicity 42.1 + 6.9 45.7 + 7.4 1.81 (0.08)
Critical Thinking 
Self-Confidence 45.3 ± 5.5 48.4 + 5.8 1.98 (0.053)
Inquisitiveness 50.3 + 5.0 52.0 ± 5.0 1.22 (0.23)
Maturity of 
Judgement 45.2 + 5.9 47.5 + 4.2 1.62 (0.11)
Total Score 313.4 +.21.8 330.7 + 25.2 2.65 (0.01)*
California Critical Thinking Dispositions Index = CCTDI 
* Asterisks denote statistically significant differences detected between 
Pre and Post measures of CCTDI. /
4^CD
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Analysis of CCTDI scores for individual students showed that there was a higher 
proportion of students demonstrating a level of 50 or more at the end of the MClSc 
program compared to the beginning in all categories except for Maturity of Judgement 
(Figure 4). Inquisitiveness was the category where the highest proportion of students 
both started and ended the program with a score of 50 or more. The proportion of 
students demonstrating high levels of Truth-seeking were low and changed very little 
over the course of the program. The dispositions where there was the highest number 



















Figure 4: Number of students (N=26) who demonstrated CCTDI scores of 50 or more at the beginning (Pre) and




Open-Minded = Open-Mindedness 
Confidence = Critical Thinking Self-Confidence 
Maturity = Maturity of Judgement
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3.4.1. Comparison of Online Activity by term:
Descriptively, 54% (1120/2061) of total WebCT activity in the first term and 65% 
(1147/1758) in the second term was spent reading discussion forum messages (Table 8). 
Communication sites were accessed approximately two times more often than the 
online resources. The least amount of activity was dedicated to posting messages on the 
discussion forums.
There was no significant difference between terms in total WebCT activity
_  j
(p=0.08), however there was significantly less overall time spent online-in the 2 term. 
(1st term: 48:15:53 ± 18:47:05; p=0.01; 2nd term: 35:29:05 ± 15:40:19; p=0.01).While the 
total WebCT activity was similar between terms, student dedicated more time to 
posting ODF messages and less time accessing online resources during the 2nd term.
3.4. Quantitative Analysis of Online Activity using WebCT Tracking Data
Table 8: Description of the online activity of students (N=26) in the 1st and 2nd terms of the MClSc program
1st Term (M eaniSD ) 2ndTerm (M eaniSD ) T value (p)
Overall online activity
Total time online: (Hrs: Min: Sec) 48:15:53 + 18:47:05 35:29:05 + 15:40:19 2.66 (0.01)*
Number of sessions 184 +72 1 4 6 + 6 5 2.0(0.05)
Communication:
ODF messages read 1120+513 1 1 4 7 + 5 1 7 0.19(0.85)
ODF messages posted 40 ± 22 65 + 27 3.66 (<0.01)*
Total Communication 1344 + 515 1301 + 485 0.31(0.76)
Access to online resources 632 +242 456 +155 3.12 (<0.01)*
Total WebCT activity 2061 + 682 1758 +556 1.76 (0.08)
ODF= Online Discussion Forums
Number of sessions = the number of occasions or "hits" the student accessed the WebCT system.
Total Communication = the sum of # of student posts read and composed in the online discussion forums (ODF) + # of times entered the 
chat room+ # read or sent mail messages. j
Access to online resources = the number of occasions or "hits" the student accessed the online features (including: folders viewed files 
viewed; media library viewed and media collections viewed)
Total WebCT activity = the sum of Total communication + Access to online resources 
* indicates that the value is considered statistically significant (p < 0.05)
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A Pearson R correlation coefficient (r= - 0.61, p< 0.01) indicated there was a moderate, 
significant negative relationship between the number of posts and the total BTS score in 
the 1st term (Fig.5). This relationship demonstrates that higher levels of learning were 
exhibited in students who made fewer posts. A negative relationship was also seen 
between the number of posts and the level of learning for the 2nd term ODF 
(r= -0.36, p= 0.07). However this relationship was not statistically significant.
3.4.2. Comparison between online activity and BTS scores
Figure 5: Correlation between the number of posts and levels of critical thinking 
measured with the BTS in the early online discussion Pearson R correlation coefficient 
(R= - 0.61, p< 0.01)
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3.5. Relationship between online activity and overall student 
performance
3.5.1. Relationship between BTS scores and course marks:
MClSc course marks were significantly lower in the 2nd term (81.8 ± 4.2) than 
those achieved by the same group of students in the first term. (86.3 ± 4.0; p< 0.01) 
There was a weak positive relationship between the BTS scores assigned for student 
participation in the ODF during the first term (r= 0.35, T= 1.83, p = 0.08) and the marks 
achieved by these students over a similar timeframe. There was also little correlation 
between BTS scores and marks in the second term(r= 0.19, T=0.95, 
p = 0.35). (Figure 6A)
Figure 6A: Correlation between levels of critical thinking measured with the BTS and 
marks in 2nd term for 26 students enrolled in the MClSc program, (r = 0.19, p = 0.35).
% marks on course
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Pearson R correlation demonstrated a moderate negative relationship between 
the number of occasions that students accessed WebCT and their 1st term marks 
(r = -0.56, p = <0.01). These results suggest that the more time the student spent online, 
the poorer their performance was on the course overall. A weaker negative relationship 
between the number of sessions and marks (r = - 0.23, p =0.26) was shown for the same 
students evaluated in the 2nd term. No relationship was detected between total time 
online and marks (r = 0.03, p = 0.88) for the second term. Students also tended to spend 
more time on line (r = - 0.40, p=0.04) compared to their classmates who achieved higher 
overall marks. (Figure 6B)
3.5.2. Relationship between online activity and course marks
Figure 6B: Correlation between the number of online sessions and marks in 1st 
term for 26 students enrolled in the MClSc program. (r= - 0.56, p = <0.01).
final mark for 1st term (%)
3.6. Comparison between the UWO and Traditional groups
3.6.1. Measurement of Critical Thinking Disposition in UWO and traditional groups of 
students using the CCTDI
Table 9 represents mean values for CCTDI scores for all 26 students who were 
enrolled in an online university based program (MClSc). CCTDI scores were also 
obtained for 9 of 13 students who received their training in a traditional format. For 
both groups of students, Truth-Seeking was the lowest score and Inquisitiveness the 
highest score. Mean values for all CCTDI sub-scores and the total CCTDI score were all 
higher in the UWO compared to the traditional group of students. However, there was 
no significant difference between the two groups for any CCTDI category or total CCTDI 
scores.
Table 9: Comparison of CCTDI scores between the Traditional and UWO groups
CCTDI category Traditional Group (N=9)
(mean + SD)
UWO Group (N = 26)
(mean + SD) T value (p)
Truth-Seeking 41.3 + 6.0 42.8 + 5.3 0.8(0.43)
Open-Mindedness 44.2 + 4.8 47.3 + 4.5 1.98(0.06)
Analyticity 45.2 + 3.9 47.3 + 6.0 1.14(0.26)
Systematicity 44.5 + 6.0 45.7 + 7.4 0.51(0.61)
Critical Thinking Self-Confidence 44.6 + 6.7 48.4 + 5.8 1.83(0.08)
Inquisitiveness 50.2 + 4.6 52.0 + 5.0 1.09(0.28)
Maturity of Judgement 46.3 + 5.6 47.5 + 4.2 0.75(0.46)
Total CCTDI Score 316.2 + 24.9 330.7 + 25.2 1.7(0.10)
CCTDI = California Critical Thinking Dispositions Index '
Traditional Group = students who received their training in a traditional face-to-face format 
UWO = students who were enrolled in the online MClSc program at UWO
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3.6.2 Measurement of clinical reasoning using the Modified Case History Assessment
There was no statistically significant difference in the average mark on the Modified 
Case History in the UWO (80.8 ± 9 % ,  n=18) compared to the traditional (77.8 ± 7 % ,  
n=7) groups. (T value 0.79, p=0.44). All students in both groups passed the case history 
exam. A similar proportion of students in each group received a grade of A. However, 
there were more students assigned either a B or C grade in the traditional group and no 
students that received the traditional teaching format achieved an A+ grade.(See Figure
7).
Figure 7: Frequency of distribution of marks of the modified case history assessment between 
Students in the Traditional and UWO groups
UWO = students who were enrolled in the online MClSc program at UWO





This study evaluated a total of 39 advanced practice physical therapists. Twenty- 
six of them were enrolled in a university-based program in manipulative therapy that 
was delivered using distributed education, online computer-based learning (UWO 
group). Bloom's Taxonomy Scale (BTS) was developed to evaluate clinical reasoning 
skills exhibited by the UWO group participating in asynchronous online discussion 
forums (ODF). The BTS demonstrated that students in the UWO group scored highest in 
the application sub-score, which is considered only a medium level of learning. This 
result was similar to those of Christopher et al (2004) and Ali et al (2005). Very few 
students scored well in the evaluation category of the BTS which is the highest level of 
learning. Furthermore, results obtained using the BTS did not support the notion that 
higher levels of learning (according to Bloom's Taxonomy) were acquired over the 
course of the one year program.
Using a well-established tool that evaluates critical thinking disposition, the 
CCTDI, this study detected a significant increase over time in total CCTDI score in the 
group who participated in the online learning experience. Results showed little evidence 
to support the notion, that greater online participation is associated with better overall 
student performance as suggested by Campbell (2008). In addition, comparison of CCTDI 
scores and grades achieved on a case study assessment, between students enrolled in 
the UWO program and those obtaining the same diploma in Advanced Manual and 
Manipulative Therapy via traditional face-to-face format, suggested that the UWO post 
graduate educational program produced equally good outcomes.
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The hybrid, master's level program at UWO is the first of its kind in Canada to 
provide an opportunity for PTs to attain advanced practice, clinical skills training in 
manipulative therapy using a distributed learning format. Similar in its goal to programs 
in the Australian system of specialization (Jull, 2008), the MClSc program provides high 
quality advanced training for physiotherapists interested in pursuing advanced practice 
training. Evaluation of the MClSc and other advanced practice physiotherapy programs 
has not been published to date, either in terms of change overtime or in comparison to 
traditional training formats.
Bloom's Taxonomy Scale (BTS) was developed because at the commencement of 
this study, there was no established scale that examined the quality ofparticipation in 
online discussions. The BTS was based on a well recognized framework, Bloom's 
Taxonomy, to evaluate the quality of participation in online discussion forum. Other 
groups have developed evaluative systems based on Bloom's Taxonomy to measure 
levels of learning and critical thinking. In particular, Christopher et al (2003) developed a 
rubric using a revised version of the taxonomy (Anderson et al, 2001) that divided the 
six hierarchical stages of learning into three levels (low, medium and high). The rubric 
was used to evaluate the level of thinking demonstrated by students in the online 
discussion forum component, of a graduate level education course. Similarly, Leppa 
(2004) reported on an undergraduate nursing program that used Bloom's Taxonomy as 
a framework to promote higher-order CT skills (analysis and synthesis) during 
asynchronous online discussion forums over the course of the program. With this in 
mind therefore, we felt justified in selecting Bloom's as a framework for this work, and
feel that the BTS is an accurate means to evaluate the level of learning in this student 
group.
In this study, critical thinking was measured in the UWO group using both the 
BTS and CCTDI; although a difference overtime was detected using the CCTDI, this was 
not the case with the BTS. While the CCTDI and BTS measure different aspects of 
student performance (critical thinking vs. level of learning), we did expect to see 
improvements in both scales when the same group of students were evaluated over 
time.
Potential reasons why the BTS did not detect a change in the UWO group are as 
follows: First, the BTS has not previously been validated, therefore the-reliability of this 
spale is not known. The author was the sole assessor. To reduce potential bias, the level 
of learning illustrated within each student post was evaluated using the BTS on 5 
separate occasions. Each student's post was blinded, so that the assessor did not know 
the student's identity and the results from the previous evaluation were hidden.
Second, the results from the 5 separate occasions were averaged and this may have 
minimized any change in levels of learning that were actually present. Furthermore, the 
year long program may not have been of sufficient length of time for improvement in 
levels of learning to manifest. Also, the BTS was used to evaluate content of two ODF 
that were chosen based on time in the program (early and late). During each ODF 
students discussed a different topic to which some may have already had more 
familiarity. Clearly, there was a difference noted in the participation level (time spent 
online), which may have been topic dependent. Lastly, Bloom recommended cues often
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used within course objectives would lead students to emphasize a particular level of 
learning. In the discussion forums where the level of learning was evaluated in the 
MClSc program, students were asked to apply their knowledge to clinical questions.
This case based approach clearly promotes application level and may not have been 
structured sufficiently to cue higher levels of learning such as synthesis and evaluation. 
Perhaps if instructors used cues that requested more advanced levels of learning, such 
as synthesis or evaluation, then higher levels of learning would be fostered. The 
aforementioned reasons could explain why a change overtime was not detected using 
the BTS. It is possible there was a change and we did not detect it.
The CCTDI was chosen for this study as it assessed 7 critical thinking dispositions 
and was shown by Bartlett and Cox (2002) to be a valid and reliable measure of change 
in undergraduate physical therapy students. These authors reported a statistically 
significant change over a year in all subscales and total scores for the CCTDI with the
greatest change shown in the dispositions for Truth-seeking and Self-confidence. They
, \
did not show any association between CCTDI scores and the demographic or descriptive 
characteristics of students. Results also demonstrated a significant improvement in the 
subscale for Open-mindedness, Total CCTDI scores, and a strong trend to improvement 
in Critical Thinking Self-Confidence. There was no significant change demonstrated in 
the other dispositions, however an increase in the frequency of students who achieved 
higher scores occurred near the end of the program in all categories except Maturity of 
Judgement.
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Published data supports that sub-scores of 40-50 are expected in a post­
graduate population. Although not specific to physiotherapy, Facione and Facione 
(2010), also maintain that a score of 50 or more in each of the 7 subscales is an 
expectation of students completing a professional, post-graduate program. Our results 
showed that Critical Thinking Self-Confidence was the only subscale where the average 
value was in this range. A score of 50 for each subscale would relate to a total score over 
350. Although the total CCTDI scores did not reach this target, 80% of the students 
demonstrated an improvement in total CCTDI scores over the course of the one year 
program. Improvement in scores by the UWO group, suggests that the MClSc program 
was successful in improving the dispositions measured by the tool. ~
Bartlett & Cox demonstrated a significant improvement in all dispositions, as 
well as total CCTDI scores for their sample of middle year, undergraduate PT students. In 
contrast, significant improvement in our study of post graduate PTs was only 
demonstrated in the subscale for Open-mindedness and Total CCTDI scores. Less 
significant change in test scores in our study could be due to the fact that the post grad 
group was more mature and had advanced further in their education and clinical 
experience.
Although details regarding the evaluative methods were not specified, Lewis and 
Price (2007) reported that use of online resources was reduced over the course of a 
graduate level, online program in nursing. This occurred despite faculty and student 
reports of improved CT in the second semester of the course. Similarly, these results 
showed significantly less time was spent online and fewer online resources were .
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accessed later in the MClSc program. This observation might be explained by students 
having greater knowledge or comfort with the discussion topics covered in the second 
term. Furthermore, students in the second term may have been more strategic in their 
time devoted to the online components of the program, as the final exam and research 
project deadlines approached. Moreover, some of these high achieving students may 
have entered the program with high levels of learning and were able to demonstrate 
this in relatively fewer posts.
These results demonstrated that, students who posted less in the ODF were 
shown to have a higher level of learning measured with the BTS. DeNeui and Dodge 
(2006), reported a small but significant positive correlation(r= .23, r2= .05); that women 
had higher grades overall in the course and used the online components more; 
however, the correlation was lower for women (r=.12) than for men (r=.28) between 
use of online course components and grades in the undergrad psychology course. They 
suggested that learning style may influence how a student interacts with online 
components as well as how much overall benefit they will derive from the experience. 
Ultimately, the explanation for the finding that lower activity online correlated with 
higher performance is unknown. The results may be specific to the topic or to this post 
graduate group.
Statistics provided by online software systems such as WebCT, do not necessarily 
provide an accurate portrayal of student involvement (Garrison and Anderson, 2003). 
For example, "time online": measures when students access WebCT, not accounting for 
when they might be "logged-on" but away from the computer for periods of time.
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Similar inaccuracy may result in "read messages": where one "click" on a threaded 
discussion might imply that 10 to 20 messages were read. Consequently, correlations 
using these figures may be impacted by potential inaccuracies in the data.
Recent trends in higher education, suggest that online programs will be used 
more frequently to deliver program content, and marks will need to be assigned for this 
online participation. Other groups have developed assessment scales for online activity 
(Christopher, 2004; Perkins and Murphy, 2006; Lewis and Price, 2007), but few have 
been used to detect change over time or to compare between groups. Until a better 
method is found, instructors should use caution assigning large portions of student 
marks based on the quantity of online activity. Furthermore, as little correlation has 
been demonstrated between the amount and quality of student's online participation, 
further research is needed into systems to detect change in key behaviours of CT and 
clinical decision making with online programs.
Few differences were identified between the UWO and traditional groups,
\
however the small sample size, especially of the traditional group, made comparison 
difficult. There was a large drop-out rate in the traditional group: four of the original 13 
due to time commitment and technical difficulties with online access to the CCTDI and 
an additional 2 did not complete the modified case history test. Our expectation was 
that the traditional group being older, and having more clinical experience, would 
demonstrate better outcomes. They were however selected from a group of PTs 
enrolled in a preparatory course, who may have felt less prepared and/or confident in 
their skills compared to PTs who were preparing independently for the national exams.
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As a result, this group may not have been an accurate representation of advanced 
practice PTs.
Finally, clinical cases have been used widely in PT education in Canada for over 
30 years. Cases have also been used ostensibly to measure clinical reasoning throughout 
the National Orthopaedic Division (NOD-CPA) examination system. Whether or not this 
examination method accurately or reliably measures clinical reasoning has not 
previously been established. Therefore our inability to detect difference between 
traditional face-to-face learning and the UWO group, who learned using a distributed 
method, may have been hampered by the tool we used to measure clinical reasoning.
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Conclusion
While there were several limitations to this pilot study, it represents the first 
time where outcomes of an online post-grad PT program have been evaluated. The BTS 
and CCTDI provided evidence that many of the students had medium to high levels of 
learning and critical thinking by the end of the program. CCTDI scores improved over 
time, suggesting that critical thinking skills were acquired over the course of the one 
year program.
Finally, these preliminary results obtained from this small sample suggest that 
the UWO post graduate online program produced equally good outcomes compared to 
traditional education programs available currently.
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1.1. Clinical reasoning and critical thinking in health care:
According to the literature, clinical reasoning is the term used most often in 
medicine and allied health. Other terms include CT and critical reasoning. Kassirer and 
Kopelman (1991) define reasoning as the process of forming inferences, judgements, 
and conclusions from facts or premises. They state that:
"Indeed, the prime function of the physician is clinical reasoning: to suspect the
cause of a patient's symptoms and signs, to gather additional relevant
information, to select necessary tests, and to recommend therapy."
In occupational therapy (OT), Mattingly and Fleming (1994) viewed clinical 
reasoning as a multidimensional process in their extensive research on clinical reasoning 
in daily OT practice, and McCannon et al (2004) compared types of CT evident in a 
videotaped problem-based learning (PBL) course for undergrad OT students. They also 
suggested that various types of CT exist in OT, such as: Procedural, Interactive and 
Conditional reasoning.
1.2. Critical thinking and clinical reasoning in physiotherapy:
Higgs & Jones (2000) state that: "clinical reasoning is the foundation of 
professional clinical practice. In the absence of sound clinical reasoning, clinical practice 
becomes a technical operation requiring direction from a decision maker". They feel 
that clinical reasoning is a thinking process that relies on a sound knowledge base and 
skills, to gather pertinent clinical facts before they can be interpreted.
As the quantity of knowledge available to the health professions continues to 
grow, clinical reasoning is becoming more cognitively demanding. According to Higgs 
and Jones, with the "information overload" in the latter 20th C., over 2 million medically 
relevant research papers have been published each year. They also state that problem­
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solving ability appears highly dependent on knowledge base, so that the amount, 
specificity, and the way it is structured, stored and accessed is critical. To stimulate the 
development of clinical reasoning, knowledge recall and pattern recognition should be 
emphasized, as well as the inclusion of more complex scenarios that require some 
deductive reasoning.
Rushton & Lindsay (2009) defined the construct of master's level clinical practice 
in manipulative physiotherapy in their paper reporting on a post grad manipulative 
physiotherapy course in the UK. A high level of clinical reasoning was identified as the 
most important behaviour of an advanced practitioner. In their view, to develop a high 
level of clinical reasoning involved data collection using a "broad repertoire of 
psychomotor skills". Precision of these psychomotor skills was essential to provide valid 
and reliable information, and critical in the process of informed clinical reasoning. 
Complex integration of this knowledge and self analysis were also seen as key 
behaviours necessary for advanced practice.
In research specific to physiotherapy (PT), the identification of CT in PT students 
was a primary objective of Bartlett and Cox when they evaluated the group using both 
the California Critical Thinking Skills Test (CCTST) and the California Critical Thinking 
Disposition Index (CCTDI).(see section 1.3.3, page: 80)
\
1.3. Measurement Tools:
1.3.1. Measurement of Clinical Reasoning:
Variations in the terminology used to describe the process of clinical reasoning, 
such as critical reasoning, CT etc. created some challenges in the search for methods of 
measurement specific to clinical reasoning (Kassirer and Kopelman, 1991). An 
explanation for this confusion in terminology was suggested by Mattingly and Fleming 
(1994) in their extensive research project, investigating clinical reasoning in the field of 
Occupational Therapy (OT).They suggested that clinical reasoning cannot be defined in 
one sentence, as the process has various forms; procedural, theoretical, interactive, 
conditional and narrative reasoning; that may be used by clinicians depending on the
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focus of their daily practice. Other key authors and tools developed to measure CT and 
clinical reasoning are as follows:
1.3.2. Bloom's Taxonomy:
In 1956, Benjamin Bloom and other college level educators developed the 
classification system that since then has been known as "Bloom's Taxonomy for the 
Cognitive Domain" or simply "Bloom's Taxonomy". Since its introduction, it has become 
a foundational tool in educational programming and has been used widely in course 
development and curriculum design for more than 50 years. Anderson & Krathwohl 
(2001) reported that some changes to the original taxonomy have been made over the 
years, but the original terminology, the basic structure, and hierarchy have been 
maintained. Interpretations of the taxonomy and its categories have been used in 
various disciplines.
I.3 .2 .I. Bloom's taxonomy in program development:
In business education, Betts (2008) used Bloom's taxonomy in the design of an
MBA program. Reference to the taxonomy in health fields included Lahaie (2008), who
described how Bloom's could be used to promote higher order thinking skills in nursing.
Atherton (2010) used the categories presented in Bloom's taxonomy to describe the
continuum of learning in educational programs:
"..in the Cognitive domain, training fo r technicians may cover knowledge, 
comprehension and application, but not concern itself with analysis and above, 
whereas fu ll professional training may be expected to include this and synthesis 
and evaluation as well."
He suggested that interpretation and analysis are advanced skills that would not be 
appropriate for a basic, technical skills training program but should be expected at a 
more advanced level of professional training. After all, higher education must teach 
students not only to find, but to interpret the wealth of information so readily available 
with the advancement of technology.
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I.3.2.2. Bloom's Taxonomy in program evaluation.
Christopher et al (2004) in their qualitative study, used the revised version of 
Bloom's taxonomy developed by Anderson and Krathwohl (2001) to evaluate online 
discussions in a web-based, master's level degree program in education. Bloom's 
original 6 levels of thinking were used to develop a 3 level rubric: Low: Remember or 
Understand; Medium: Apply or Analyze and High: Evaluate or Create. Their results 
showed that participants demonstrated responses at the medium level of learning 
(Apply an Analyze) to draw on the knowledge that they had acquired through the course 
in their online responses. Although their expectation was that over time all students 
would reach the highest level of thinking (Evaluate and Create), this was not the case in 
their study population.
Betts (2008) used the same three-level rubric, and concluded that learning 
objectives in the low level (Knowledge and Understanding) and the high-level (Synthesis 
and Evaluation) are accomplished more thoroughly outside the classroom setting. 
Minimal class time was allocated to teaching low level objectives such as basic 
knowledge as students could access these materials "as needed" from online resources. 
Medium level objectives (Application and Analysis) were thought to be best 
accomplished in the classroom, where discussions and exercises could be developed by 
the instructor. Take home essays and online discussion boards were suggested as a way 
to save class time and continue the achievement of the learning objectives. The higher 
level objectives (Synthesis and Evaluation) were felt to involve individual or group 
participation by the students and best accomplished with activities outside of class time.
1.3.3. The California Critical Thinking Dispositions Index (CCTDI):
The CCTDI is a validated tool that was designed by Facione and Facione in the 
1990's, to measure the dispositions and attitudes important for CT. The CCTDI consists 
of 75 items, and provides scores for each of 7 subscales: Truth-seeking, Open- 
mindedness, Analyticity, Systematicity, Critical Thinking Self-Confidence, Inquisitiveness, 
Maturity of Judgement, and a total score for each individual.
81
Bartlett and Cox (2002) determined that the CCTDI was a valid and reliable tool 
to measure change in the essential dispositions for CT in second year PT students. A 
statistically significant change was shown over a one year time period, in all subscales 
and total scores for both the CCTDI and CCTST. Change scores were shown to be greater 
with the CCTDI, than the change in CT measured with the CCTST; (see Section 1.3.5.1) 
suggesting that the CCTDI was more sensitive to detecting change over the year than 
the CCTST in this population. Lederer (2007) also used the CCTDI to compare CT in 
under-grad and post-grad OT students. They demonstrated a difference between the 
groups and determined that the CCTDI could be used as an outcome measure to show 
success of a program in developing this skill. Leppa (1997) also compared the CCTDI and 
CCTST scores for nursing students enrolled in Baccalaureate and higher degree 
programs. They also noted that the CCTDI showed greater change over a 10 month 
period than the CCTST. In addition, Walsh and Hardy (1999) analyzed CCTDI results by 
gender and academic major. Differences were shown when students were categorized 
by clinical (nursing) and nonclinical (English) majors. Further study was recommended, 
to explore the relationship specific dispositions might have in clinically oriented 
disciplines.
1.3.4. Clinical Case Histories:
\
Case studies were reportedly used since the 1960's in the fields of business, 
social and health science education (Erskine et al, 1981). The advantages of using clinical 
cases as an adjunct to other types of problem-based learning in the education of 
medical students (Engelburg, 1992) and in nursing (Bland et al, 2009) has been well 
established.
In physiotherapy, problem based learning, and teaching with case studies, has 
been used in advanced practice, post graduate courses in Canada since the late 1970's 
(personal experience). Indeed, Scott (1995) and Higgs and Jones (2000), both expanded 
on the rationale and method of using a case-based approach in teaching clinical 
reasoning. As well, Sweeney and Doody (2010) used a qualitative case study design to
82
investigate the clinical reasoning skills of orthopaedic physiotherapists; Mitchell and
/
Batorski (2009), used case studies in a Master's of OT program, as a framework to assess 
critical reasoning in online learning, using the Watson-Glaser Critical Thinking 
Assessment (WGCTA) (see Section 1.3.5.3). Their conclusion was that although cases 
were more difficult for students at a novice level, improvement in clinical reasoning 
skills was noted when they were used in conjunction with reflective journals.
Garrison et al (2000) suggested that there are 4 phases of problem solving (see 
Section 3.1). This 4-phase system was used by Oldenburg and Hung (2010) in their 
qualitative case study approach, to assess the level of CT in nursing students. They 
found the CT process to be a dynamic one, as the students moved back and forth 
between the levels as opposed to progressing in a sequential fashion. They also found 
that students were better able to identify relevant facts and information from the 
scenarios used in the discussions, when they had previous experience related to the 
case.
1.3.5. Additional critical thinking measurement tools:
1.3.5.1. The California Critical Thinking Skills Test:
The California Critical Thinking Skills Test (CCTST) is a 34 item multiple choice test 
that takes up to 45 minutes to complete. Its focus is to examine the skills necessary for 
CT. Subscales are analysis, evaluation, inference, deductive reasoning, and inductive 
reasoning. Bartlett and Cox (2002) determined that, when subscales and total scores 
were done for both the CCTDI and CCTST, the former was found to be a more reliable 
indicator of change overtime in a PT student population.
1.3.5.2. The Outcome-Present State-Test (OPT):
Bland et al (2009) reported that the Outcome-Present State-Test (OPT) model of 
reflective clinical reasoning, developed by Pesut and Herman in 1999, is a qualitative 
tool used frequently in nursing education to promote CT. The OPT is a ten step process
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that uses a type of flow chart, or "clinical reasoning web" to reduce multiple diagnostic 
hypotheses to a primary or "keystone issue". Bland et al (2009) assessed change in 
clinical reasoning over time, when undergraduate nursing students were required to 
apply the OPT to a case history, as a pre-test/post-test measure.
I.3.5.3. The Watson-Glaser Critical Thinking Assessment tool (WGCTA ):
The Watson-Glaser Critical Thinking Assessment (WGCTA) was designed by 
Watson and Glaser in 1980: The tool provides a single score for CT using 5 subtests: 
inference, recognition of assumptions, deduction, interpretation and evaluation of 
arguments. Mitchell and Batorski (2009) used the Watson-Glaser Critical Thinking 
Appraisal (WGCTA) in a Master of OT program (N=21). Their methodology involved the 
use of case studies and reflective journals to study the development of critical reasoning 
in online learning.
2. Advanced practice training in physiotherapy:
Sran & Murphy (2009) surveyed 2,540 PTs in B.C., Canada to determine the 
"Interest and Perceived Barriers to Participation in Postgraduate Physiotherapy Training 
at a Clinical Master's Degree level". They determined that the rationale for a clinical 
specialisation program in Canada would be: 1. to improve patient outcomes and 
management of more complex patients; 2. to help with development of a consultant 
role or extended scope of practice and 3. to meet the need for development of clinical 
skills and advanced clinical reasoning. Other results were that: 70.6 % preferred part- 
time study; 41.4% inter-professional; 35% preferred non-internet studies at home and 
17% preferred online study for theoretical material only. As far as cost of the program: 
85% responded that they were likely or very likely to pay between $10-15,000 to receive 
a Clinical Master's degree.
Rushton and Lindsay (2009) conducted a qualitative study to explore the 
behaviours indicative of the "construct of masters level manipulative physiotherapy
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clinical practice" in the United Kingdom. They identified core components of practice, 
determining that a high level of clinical reasoning was the most important behaviour 
associated with the construct for orthopaedic, manipulative physiotherapy.
Another aspect of physiotherapy practice was presented by Wainwright et at 
(2011) in their qualitative study of clinical decision making strategies and how they 
differ between novice and experienced PTs. The framework for their study was based on 
an earlier work by Jensen et al (1992), suggesting that the development of clinical 
decision making ability is dependent on both sufficient time and varied experiences in 
clinical practice. They also enlarged on specific characteristics that may be 
demonstrated by expert versus novice PT.
3. Distance Education and online learning:
3.1. Background:
Garrison & Anderson (1995) suggested that distance education in its early stages, 
did not provide students with the peer and faculty interaction needed to develop the 
"community of inquiry" necessary for the development of CT. They suggested that audio 
teleconference systems would allow this interaction in distance education. They 
concluded that learning communities can be created at a distance, and that they would 
allow the development of a higher level educational experience. Some early studies in 
distance education such as one by Merisotis (1999) determined that "no significant 
difference" existed between traditional class-room based and distance learning.
In 2000, Garrison, Anderson and Archer addressed the role of computer 
mediated communication in higher education. They developed a conceptual framework 
to identify the elements that are prerequisite for a successful higher-education 
experience. They proposed that central to this success is a community of learning that 
must ensure 3 key elements: cognitive presence, social presence and teaching presence. 
Cognitive presence was felt to be the most basic to success and could be recognized by
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the following progressive series of indicators: l.Triggering event -  recognizing the 
problem; 2. Exploration -  information exchange, discussion of ambiguities; 3.lntegration 
-  connecting ideas, create solutions and 4.Resolution- applying new ideas and critically 
assessing solutions. They also highlighted the advantage of text-based communication, 
as it provided time for reflection, facilitated thinking about complex issues and 
promoted in-depth learning. Discussion boards were also recommended, as they would 
provide a forum for collaboration and sharing of ideas, not limited by time as in 
traditional face-to-face communication.
Finally in 2003, Garrison and Anderson published "E-learning in the 21st Century. 
A Framework fo r Research and Practice". This compilation of their previous work 
expands on the conceptual framework of e-learning and its application and was 
designed to assist educators in the application of sound theoretical principles in online 
program development.
3.2 Comparison of online to traditional learning:
In 2006, Picciano reported on how online resources such as: electronic notes, 
readings, references etc. could be used to enhance traditional lectures. He pointed out 
that various terms had been used to describe the blending of traditional face-to-face 
classroom sessions with online technology, such as: distributed, blended, hybrid, mixed­
mode or web-enhanced learning. He also outlined the advantages of using online 
enhancements including: 1) no time constraint; allows discussion to continue outside of 
normal class time; 2) interaction is improved between students which helps 
collaboration and; 3) that it is also conducive to reflective teaching, where the student 
has time to think and reflect on a topic. Disadvantages included a loss of spontaneity of 
the verbal comment. He also looked at the impact on student and faculty, accreditation 
and program quality.
Other comparisons between traditional and online learning included 2 meta­
analyses. The first by Allen et al (2004), reported that online learning is as effective as
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courses delivered in a traditional format in either quantitative analysis or comparison of 
measured outcomes and /or satisfaction. Bernard et al (2004) had similar opinions 
adding that an asynchronous format of distance education was more successful when 
achievement outcomes were considered.
Finally, Tallent-Runnelset al (2006) stated in their review that most comparisons 
between online and traditional education formats were based on test-scores, course 
grades and cumulative GPAs. She concluded that there was "overwhelming evidence" to 
show that courses taught 100% online can be as effective as those taught in the 
traditional classroom format.
3.3. Online learning in post graduate education
Kim and Bonk (2006) in their paper "The Future of Online Teaching and Learning 
in Higher Education" described the online survey they conducted of members of two 
associations for online learning. The first, MERLOT: Multi-media Educational Resource 
for Learning and Online Teaching and secondly: Western cooperative for Educational 
Telecommunications (WCET). At the time Merlot boasted a membership of over 35,000, 
who were all involved in higher education. Twenty-two percent of those surveyed felt 
that training students to self-regulate their learning was needed the most. Others felt 
that better evaluation of student readiness (to be involved in online programming) was 
important. Also, computer management systems to help track student learning and 
engagement were felt to be lacking.
In their 2010 report of online education, Allen and Seaman provide a detailed 
statistical portrayal of the extent that online learning has advanced in all areas of 
education in the United States.
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3.4. Online learning in Medicine and allied health
Curran (2005) reported that in his search for evaluative studies of web-based 
CME (continuing medical education) the majority were based on participant satisfaction 
data. Limited research looked at performance change in clinical practice and no studies 
demonstrated that web-based CME was effective in influencing patient or health 
outcomes. Pullen (2003) also showed a significant increase (p< 0.05) in knowledge for 
healthcare practitioners using a pre and post-test of multiple choice questions. Unlike 
Curran, he demonstrated that in courses that contained a clinical tool there was 
increased self-reported practice performance change.
In their review of the literature Hollis and Madill (2006) presented the extent 
that online learning was used in the health sciences, specifically in Occupational Therapy 
(OT). They suggested that online learning was successful in enhancing the interaction 
and higher order learning needed for professional entry to practice, continuing 
education and post-professional degree programs. Hollis and Madill (2006) reported 
that in their meta-analyses "no significant difference" was demonstrated between 
online and traditional classroom formats. In many of the studies they reviewed, 
academic success was measured by knowledge of facts, such as with multiple-choice 
exams. The ability to apply, analyse or critically synthesize information from multiple 
sources was not assessed. Conclusions from their empirical research supported that 
those seeking additional qualifications, and older students, are more likely to seek out 
and be satisfied with an online experience. Also, students who are independent 
learners, persistent, organized in terms of time management, and motivated are good 
candidates for online learning.
Lewis and Price (2007) looked at the integration of E-learning and distance 
education in a graduate program in nursing. It was noted that six online tutorials 
effectively substituted for one, 20-hour, face-to-face block in the traditional curriculum 
format. Comments related to posting showed: variation in activity between semesters 
was evident and online postings were of both a social and academic nature although 
there was no specific method reported regarding how the quality of the posts was
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measured. Final course evaluation found that 72% of students found the online tutorials 
improved their critical appraisal and CT skills.
In other comparisons of online to traditional course formats, Vandevusse and 
Hansen (2000) in a graduate level nursing course and Zebrack (2005) for 3rd and 4th year 
medical students, both reported high student satisfaction, high scores on knowledge 
and higher level discussions in the online study participants. Campbell et al (2008) 
compared performance between nursing students who participated in either online or 
face-to-face discussion. Their results favoured the online group who had significantly 
higher marks on a course assignment. Higher student achievement was associated with: 
1. greater frequency of access to online resources; 2. frequency with which they read 
the online posts; and 3. with the most frequent contributors to the online discussions. 
No demographic differences were identified within the groups to explain the difference 
in their results.
3.5. Online learning and technology in physiotherapy education.
3.5.1. Interest:
Interest in computer technology in Canada was presented in a study by Mathur 
in 2005. Their questionnaire showed that 78% of physical therapists surveyed indicated 
an interest in computer assisted and web-based learning.
Anthony (2002) reported on the availability and opinion regarding online courses 
for allied health practitioners (OT, PT, CSD etc) in the UK, with results favouring their use 
as a support rather than a replacement for traditional courses. Interestingly, due to 
recent interest in online learning in the UK by their membership, the Chartered Society ! 
of Physiotherapy has developed a secure website: www.interactivecsp.org.uk.
Peacock and Hooper (2007) looked at the role of online or e-learning with both 
an undergraduate and a post graduate group of PT in the U.K. Course materials and 
assignments were completed online and asynchronous communication was provided 
using WebCT. The aims of the study were to look at student's perceptions, student's
expectations and tutor's views. Results determined that the post-grad group found the 
online course significantly more valuable as it improved access not only to the course 
materials but improved communication to provide mutual support and sharing of ideas. 
They also appreciated the time available to explore the topics more thoroughly. The 
undergrad group did not like the online discussions as they were "uneasy" posting 
submissions to discussion topics where they had little clinical experience.
3.5.2. Technology in Physiotherapy education
According to Solomon (2005), problem based learning has been used successfully 
in physiotherapy (PT) education for over 20 years. She noted that the effectiveness of 
problem based learning in the development of clinical reasoning in PT and other health 
care professions is a topic of debate. In her view, with online and web-based learning:
"..development of the communication skills that are central to professional 
practice would clearly not be developed in the same way as they would in a 
small group collaborative face-to-face learning environment".
Moreover, skills specific to PT are best accomplished in a face-to-face format, where 
the focus is on verbal communication as opposed to the text-based communication 
intrinsic to online discussions.
In a paper by Cook and Merrifield (2003) the outcomes of using an interactive 
2-way video system was studied. "HealthNet" was used to provide synchronous lectures 
to PT students on 3 separate campuses. Results showed no statistically significant 
difference between the groups who had the material presented either "live" or via 
HealthNet by comparing GPA and drop-out rates between the groups.
Erickson's 2004 survey questionnaire of PT and PTA programs, showed that most 
of the computer assisted instruction in PT in the USA used CD-ROM to teach anatomy, 
kinesiology and research courses. Web-usage in PT was reported as being 
predominately in the area of research.
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3.5.3. Outcomes of online education PT
Eifert-Mangine (2006) compared learning and satisfaction with continuing 
education of physiotherapists using traditional and online formats. A 16-item pre/post 
test of knowledge and a satisfaction questionnaire were used for a continuing education 
course in orthopaedic rehabilitation practice. There was no empirical evidence to 
support whether a difference existed between the two groups in terms of satisfaction or 
gains in knowledge. Significant technical issues, small numbers and flawed methodology 
raised questions about the validity of the research.
3.5.4. Clinical Skills training using online technology
Two studies, one by Jeffries (2003) and the other by Smith (2007), presented the 
results of virtual patients and online technology for patient-centred learning in 
medicine. Both studies demonstrated the effectiveness of online technology for 
enhancing clinical skills.
Clinical skills training in PT was studied by Watson (2001). He compared three 
teaching methods for learning the skill of spinal manipulation: 1. via videotape 
observation, 2. by an instructor who gave delayed verbal feedback and 3. by an 
instructor providing concurrent verbal feedback. No difference was shown in the 
acquisition of the skill however the 3rd group showed improved retention of the skill 
when tested at a later point in time.
3.6. Evaluation of online education
3.6.1. Evaluation of online discussions:
Perkins and Murphy (2006) looked at the development of a system to code the 
transcripts of online asynchronous discussions in a web-based graduate course in 
Education. This coding system evaluated levels of CT, and had 4 processes: Clarification, 
Assessment, Inference and Strategies. Burgess (2009) used Perkins and Murphy's model 
to measure and compare levels of critical thinking with pre and post-test scores in a 
college-level, developmental reading program.
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Another evaluative tool based on Bloom's Taxonomy, was developed by Ali et al 
(2005) to measure critical thinking in 53 master's degree nursing students, participating 
in an online asynchronous discussion forum. The students were required to resolve a 
clinical case scenario using a critical thinking approach, which was evaluated using the 
new tool. The tool consisted of 10-items: 4 analysis items, 2 synthesis items and 4 evaluation 
items. A 4-point Likert scale was used to score for the presence of the 10 items in the online 
discussions. Results showed that students demonstrated items in the analysis and synthesis 
categories more often than the items in the evaluation category.
Garrison and Anderson (2001) measured critical thinking in computer-mediated 
communication using a 4-stage analysis (see section 3.1). The system was used to code 
transcripts of online discussions and the proportion of responses in each of the 
categories was presented. They concluded that an asynchronous learning environment 
is well suited to those students who need more time to reflect on a topic and to fully 
understand the information.
3.6.2. Qualitative measures of critical thinking in online education
Leppa (2004) explored critical thinking in online nursing education. "Writing 
across the Curriculum" (WAC), used written assignments to assess the development of
critical thinking skills throughout the curriculum. The system depends on a high level of
\
English writing skill, which may discriminate against those students who are not 
proficient in English. Furthermore, she suggested that in disciplines such as nursing, 
proficiency in essay writing is not critical, as it is not required for clinical practice 
(charting) nor is it necessary for the development of critical thinking skills. She also 
suggested that online discussion forums provide an environment where critical thinking 
skills can be fostered, and recommended using word cues from Bloom's taxonomy to 
develop online discussion questions, to facilitate progression from basic to more 
advanced levels of critical thinking.
A review by Meyer (2003) compared web-based courses to the traditional 
format. She concluded that success in web-based learning is influenced by what the 
student brings to the learning situation: visual learners and more independent
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behavioural types do better; gender differences mirror the findings for traditional 
discussions (i.e. males tend to control online discussions, post more questions and are 
more assertive in expressing their opinion). She also suggested that, because the 
younger generation of students have more experience with online learning, technology 
and "very visual, rapid, hyper-texted environments", they have very different learning 
needs. Older students and faculty have developed learning patterns based largely on 
reading, which is a slower and more linear activity. These two distinct learning styles 
may play a part in the success and/or comfort of the student with an online learning 
experience. Another factor that was stressed by Meyer is the importance of a 
"community of learning". In 2010, Meyer also explored the language and structure of 
online discussion in higher education.
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Appendix B:
NOD-CPA course flow sheet
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Diploma of Advanced Orthopaedic Manual & Manipulative Physiotherapy Courses
Syllabus Continuum Summary
T h e  fo llo w in g flo w  ch a rt is th e  m a n d a to ry  o rd e r o f  th e  D ip lom a o f A d va n ce d  O rth o p ae d ic  M anual and M anipulative  
P h ysio th e rap y  C o u rse s an d  Exam in a tio n s. * N ote  that su cce ssfu l co m p le tio n  o f  e a ch  exam ination level is requ ired to b e  eligible  
to  take th e  next leve l o f  course .
Level 1 Course / Challenge Examination
Written exam and case history exam^ v
Level 2 Upper Course Level 2 Lower Course
W ritten  an d  C ase  H isto ry  Exam  W ritten and C ase  H istory Exam
Level 3 Upper Course  ̂  ̂ Level 3 Lower Course
W ritten  an d  C ase  H isto ry  Exam  V '  ^  W ritten and C ase  H istory Exam
Clinical Preceptorship: 90 Hours of clinical supervision must be completed prior to taking 
the practical examination #1
l






Clinical Preceptorship: 60 Hours of clinical supervision must be completed prior to taking 
the advanced examinations. Candidates will have three years to finish the examination 
process once completing the level 5 course.
*
Advanced Manual and Manipulative Therapy Examinations: Case history, Multiple choice 
and practical exams
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In a Distributed Education Program
LETTER OF INFORMATION: Traditional Group 
Introduction
My name is Anne Edgell-Kennedy and I am a Masters of Science candidate 
in Health and Rehabilitation Science in the field of Physical Therapy at the 
University of Western Ontario. I am currently conducting research on the 
development of clinical reasoning skills of post graduate Physical Therapists 
enrolled in a web-based program and would like to invite you to participate 
in this study.
Purpose of the Study
The proposed research is designed to assess the impact of using distance 
education in developing clinical reasoning skills in a group of postgraduate 
Physical Therapists enrolled in a Masters of Clinical Science program at the 
University of Western Ontario. Comparison will be made between this group 
and Physical Therapists who have prepared for the advanced examination of 
the Orthopaedic Division of the Canadian Physiotherapy Association (OD- 
CPA) in the “traditional” face-to-face format.
If you agree to participate you will be asked to:
• Fill out 2 questionnaires:
1. The first will include questions about demographics (age, gender, 
address etc.), your education history, clinical training and work 
experience .It should take around 15 minutes to complete this 
questionnaire.
2. The second is the California Critical Thinking Dispositions Inventory 
(CCTDI), a 72 item questionnaire that evaluates critical thinking 
skills. This will take 20-30 minutes
I will have you write your answers directly onto the questionnaires and 
return them at the start of the Exam Prep course that you have enrolled 
in.
• Do a modified case history within one month of completion of the
advanced examination of the OD-CPA. The case will be 
administered electronically using the WeBCT system through the 
University of Western Ontario. The case will be marked by two 
FCAMT certified evaluators who




The information collected will be used for research purposes only, and 
neither your name nor information that could identify you will be used in 
any publication or presentation of the study results. All personal 
information collected for the study will be kept confidential and not shared 
with anyone. Data will be de-identified when it is extracted from 
questionnaires and the case history. A research ID number assigned to you 
at the beginning of die study will be placed on a printed copy of the 
completed modified case history. In this way evaluators of these case 
histories will be blinded to your identity as well as your group assignment.
Risks and Benefits
There are no known risks to participating in this study. The benefit of 
participation will be to help determine the value of online education in 
continuing education for postgraduate Physical Therapists.
Study investigators [Anne Edgell-Kennedy and Pamela Houghton] and the 
assessors of the case history who are FCAMT certified, are not examiners of 
the National Orthopaedic Division o f CPA and therefore cannot influence 
your completion and/or success in any components of the credentialing 
process for FCAMT.
Cost
There will be no cost to you, however there will be time involved in filling 
out the Demographic Questionnaire (approx. 10 mins.), the CCTDI (30 
mins) as well as the modified case history (approx. 1 hour). You will be 
provided with a username and access code for you to complete the case 
history online through WebCT.
TOO
Voluntary Participation
Participation in this study is voluntary. You may refuse to participate, refuse 
to answer any questions or withdraw from the study at any time.
Questions
If  you have any questions about the conduct o f this study or your rights as a 
research subject you may contact the Manager, Office of Research Ethics, 
the University of Western Ontario at 519-661-3036 or ethics@uwo.ca. If 
you have any questions about this study, please contact Anne Edgell- 
Kennedy BSCPT, FCAMT at XXXXXXXX or XXXXXXXXXXXXX or 
Dr. Pamela Houghton at XXXXXXXXXXXXXor XXXXXXXXXX
This letter is yours to keep for future reference.
Sincerely,
Anne Edgell-Kennedy BScPT, FCAMT
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In a Distributed Education Program
Anne Edgell-Kennedy BScPT, FCAMT, MSc (cand.) UWO,
Pamela Houghton Associate Professor BScPT, PhD School of Physical 
Therapy Elbom College, UWO
CONSENT FORM
I have read the Letter of Information, have had the nature of the study 




Name of Person Obtaining Informed Consent: 
Anne Edgell-Kennedy
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Traditional____  M C IS c_
Employment History:
Years of Clinical Experience:0-5:__
full-time
Type of Clinical Practice: Hospital:___Private practice:____
What % of your work day is spent:
Clinical (treating patients):___ Administration:____Teaching:____
Are you involved in teaching or mentoring students: Yes:__No:__
If yes:
What is the highest educational level of students you have taught/mentored:
PTA:____ PT___  M ScPT___
Educational History:
Title of PT degree: (ie.M PT.BScPT)________ ________
Name of University and date of graduation:_______________________________
Continuing Education:






Date and title of last post (PT) graduation Orthopaedic Division Syllabus “Level” 
course:
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How long (months) ago did you begin preparing for the CAMT exams:
How many hours per week do you use a computer:_________ -
Work only ____
Personal use only _______
Both at work and home _______
Seldom (<1/week) ________





Excerpt from MCISc student handbook re. online discussion guidelines
4.14.8 Marking Guide for On-line Discussions 
+ = Excellent: frequent high quality contribution 
0 = Satisfactory; frequent lower quality contribution 
- = Unsatisfactory; infrequent participation (below required level)
Frequency of participation
Students are required to participate regularly in on-line discussions. See the course outline 
where on-line discussions are used for specific details of the number of postings expected.
Quality of Contributions
The following criteria will be considered when evaluating a student's participation in each 
discussion forum.
• effectively encourage others to learn and participate
• create a supportive and friendly environment in which to learn
• take the initiative in responding to other students
• seek to include other students in their discussions
• successfully overcome any private barriers to participation
• demonstrate a reflective approach to using on-line discussions
• use discussions to increase own and other student's learning
Course instructor/facilitator will endeavour to provide evaluations of discussions within a timely 
manner after the discussion has closed.
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Appendix 6:
Modified Case History Assessment
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Clinical Reasoning Skills of Post G raduate Physical Therapists Enrolled
In a Web-Based Program
Final Evaluative Tool
CANDIDATE NUMBER:
This is a clinical reasoning exam. Y  ou w ill be given a single case history.
For this exam, you  w ill be given a case history with both the Subjective and Objective 
assessm ent findings.
Provide in-depth answers to all the questions on this exam. I f  you use abbreviations, 
you  m ust give the fu l l  name first. When you  are asked to list 
eg. 4  findings, m ake sure you give us 4 and not more as only the f ir s t 4 will be 
marked. I t  is up to you  to give us your best answers.
Should you require more space, you may write on a separate sheet making sure you put your 
identification number and the number o f the question that you are answering on each page.
It is recommended that you quickly peruse this booklet before you start writing so that you are 
aware o f  the organization o f  the questions.
1 H O U R  IS ALLOTTED FO R THIS EVALUATION
1 INTERPRETATION OF SUBJECTIVE FINDINGS
'■ \
•a) What is your interpretation o f  the irritability o f  this patient’s condition? (1 mark)
Justify your answer with evidence (4 elements) from the subjective exam. (2 marks)
Irritability (circle one) Support from the subjective exam
mild moderate severe
Is the disorder inflammatory or mechanical in nature, or both? (1 mark)
List those factors that support your decision. Give 6 points supporting your answer. 
(3 marks)
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•a) List 4 factors that contribute to or influence the patient’s symptoms. 
(2 marks)
b) List your reasons why for each (2 marks)
Contributing Factors Reasons
2 INTERPRETATION OF OBJECTIVE FINDINGS
2.3 Taking into consideration both the subjective and objective findings given, describe 
your hypothesis for this patient’s clinical picture. Give your rationale. (8 marks)




3.1 Under the following headings, outline in detail your initial treatment based on the 
examination findings and give your rationale for your choice o f treatment 
(8 marks)







3.3 How would you specifically (relating to this case hx) progress /  modify your
treatment plan in the following situations, based on your response to your initial 
treatment? (3 marks)
Biom echanics better 
No change in symptoms
'
Biom echanics no change 
Sym ptoms better
Biom echanics better 
Sym ptoms w orse
.
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4 PREDICTIVE OUTCOM E
4.1 What is your final anticipated outcome o f  this patient’s clinical findings after six 
weeks o f  treatment? Provide a full rationale for your prediction.. Note that you must list 
three 13) subjective findings on page l{ntake sure to include behavior o f  symptoms; do not 
just list PI, P2, P3) (3 marks) and three (3) objective findings on page 8 (signs) (3 marks)
Subjective findings Anticipated Outcome Rationale
-
Objective findings Anticipated outcome Rationale
*
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4.2 Give four (4) reasons for possible recurrence o f  this patient’s signs and symptoms 
V\ marks')
4.3 Based on your knowledge o f the literature, what would you predict your 12 month 





Modified case history marking rubric
Case History Marking Sheet - 
Directions for grading:
There are 4 questions.
There is 1 page for each question.
On each page there are 3 columns:
1. The middle column identifies the pass criteria for each question.
2. The left hand column identifies additional criteria (i.e. exem plary) that, if met, reflect a higher level of knowledge.
3. The right hand column is reserved for com ments when a pass criterion has not been met.
To mark this case history
1. Ensure you are using the correct grading form for each answer booklet.
2. For each question, determine if, each p ass criterion has been met.
3. When a pass criterion has been met, tick off the box in the middle column.
4. When an exemplary criterion has been met, tick off the box in the left hand column. It is possible to have ticks in all boxes for 
a perfect paper!
5. When a pass criterion has not been met, provide a brief written explanation in the right hand column, summarizing the
missing material. ^
You are not required to assign a numeric grade.
Please provide the following on Page 4:
1. Pass/fail decision, if in your mind, the case has been addressed at a level of 60% or more.







Please return the marking sheets and cases for future discussion.
1. Interpretation of subjective find ings
Did not meet pass criterion because....Exemplary Pass Criteria
dentifies _4 logical factors with strong 
rationale including use of meds
□
1.2 Patient symptoms -  contributing 
factors
identifies _4 logical factors with strong 
rationale
1.1 :a Irritability
□ indicates irritability -moderated mark)
□ Identifies 4 elements
□ relates intensity & duration of pain to aggravating 
factors
relates intensity & duration of pain easing factors□
(2 marks)
1.1 :b Is disorder inflammatory or mechanical? 
indicates both but more mechanical (1mark)
lists those factors that support decision 
Gives 6 points supporting answer 
(3 marks)
1.2 Patient symptoms-  
contributing/influencing factors
List 4 (2 marks)
give reasons for each (2 marks)
2. Interpretation of objective findings
Exemplary Pass Criteria Did not meet pass criterion 
because....
2 . 3  S u p p o r t  w i t h  e v i d e n c e  f r o m  s u b j e c t i v e  
&  o b j e c t i v e  f i n d i n g s
□ The rationale is exceptionally thorouah 
and comDrehensive
2 .  S u p p o r t  w i t h  e v i d e n c e  f r o m  s u b j e c t i v e  &  o b j e c t i v e  f i n d i n g s
□ states clinical hypothesis (2 marks)
□ supports with subjective findings such as history, sequelae o f, 
job.family (new mom),split level house^new to running, 
concomitant changes in the lumbar, hip and knee
□ supports with objective findings considers jt hypermobility, 
muscle imbalance &/or compensatory changes
□ provides basic, sound logical rationale
□ (6 marks) 116
4.Predictive outcome
Exemplary Pass Criteria Did not meet pass criterion because....
4 . 1  A n t i c i p a t e d  o u t c o m e  a f t e r  6 w k s  o f  
t r e a t m e n t  o n  3  s u b j e c t i v e  f i n d i n g s  &  
r a t i o n a l e  f o r  c h a n g e
□ rationale is exceDtionallv strona and well 
written
4. Predictive outcome
4 . 1  A n t i c i p a t e d  o u t c o m e  a f t e r  6 w k s  o f  
t r e a t m e n t  o n  3  s u b j e c t i v e  a n d  3  o b j e c t i v e  
f i n d i n g s  a n d  r a t i o n a l e  f o r  c h a n g e ( 6  m a r k s )
□ identifies the correct findings with correct 
outcomes
□ rationale is adequate but could be written 
more clearly
4 . 2  r e a s o n s  f o r  r e c u r r e n c e
□ rationale is exceDtionallv strona and well 
written
4 . 2  g i v e  4  r e a s o n s  f o r  p o s s i b l e  r e c u r r e n c e  o f  
t h e  p a t i e n t ' s  s i g n s  a n d  s y m p t o m s  ( 4  m a r k s )
□ identifies the correct findings with correct 
outcomes
□ rationale is adequate but could be written 
more clearly
4 . 3  1 2  m o n t h  o u t c o m e
□ rationale is exceDtionallv strona and well 
written
4 . 3  B a s e d  o n  k n o w l e d g e  o f  t h e  l i t .  w h a t  
w o u l d  y o u  p r e d i c t  y o u r  1 2  m o n t h  
o u t c o m e  w o u l d  b e  a n d  w h y .  C i t e  
e v i d e n c e  t o  s u p p o r t  a p p r o a c h  ( 2  m a r k s )
□ cites appropriate reference 
logically supports the the prediction
Final Mark /41
/
117
